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ABSTRACT 


ANALYSIS OF SINGLE AND MULTI-GRADE LUBRICANT 
FILM THICKNESS IN A DIESEL ENGINE 


by 
MARK JOSEPH OLECHOWSKI 


Submitted to the Department of Ocean Engineering 1n partial fulfillment of the 
requirements for the degrees of Master of Science in Naval Architecture/Marine 
Engineering and Master of Science in Mechanical Engineering. 


ABSTRACT 


Several recent experiments have been made to attempt to determine the rheology of 
the lubricant in journal bearings of engines. A laser fluorescence technique in use at the 
Massachusetts Institute of Technology allows accurate data collection of the oil film 
thickness on the ring pack of a production diesel engine. The data collected from the 
Kubota EA300N IDI engine consisted of five different types of lubricant--two single- 
grades, two multi-grades, and a synthetic multi-grade. 

The data was analyzed and it was found that the lubricant under the compression 
ring acts in a Newtonian manner independent of lubricant type or inertial effects. The 
difference between the types of lubricants appears to be the degree to which oi! wets the 
ring--with the single-grade oils wetting the ring more thoroughly than do the multi- 
grades. A consistent linear relationship between the inlet wetting of the ring and the 
bearing number (a non-dimensional lift term) was found to exist for each stroke. Drag 
was also found to be inversely proportional to the amount of inlet wetting. 


Thesis Supervisor: Dr. David P. Hoult 
Title: Senior Research Associate 
Department of Mechanical Engineering 
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SHAPTER J - INTRODUCTION 


I.1) Background 

Recently, several experiments have been run in an effort to determine the 
relationship between lubricant rheology under journal bearings and the performance of 
these bearings (Spearot et al, Deysarkar, Bates et al). The major conclusion drawn 
from these works is that there 1s more to the problem of rheology than the High 
Temperature / High Shear (HTHS) viscosity relationship. Spearot equates single-grade 
oils with Newtonian characteristics, whereas the multi-grades he considers to be non- 
Newtonian. Deysarkar suggests that additional engine and oil parameters need to be 
introduced in order to fully understand the relationship between oul film thickness and 
lubricant rheology. It 1s this relationship to which this data analysis has been directed. 

This research presents a lubrication theory which, given that the assumptions 
and approximations are correct, allows for several conclusions to be drawn about the 


lubricant rheology and its relationship to film thickness and piston ring friction. 


1.2 Data Collection 

A laser fluoresence technique for determining diesel engine oil film thicknesses 
has been in use for several years at the Massachusetts Institute of Technology. Billian, 
Lux and McElwee all showed that the technique can be used to measure film 
thicknesses on the piston and in the ring pack. McElwee collected data with the 
technique on five different types of oul -- two single-grades, two multi-grades and a 
synthetic multi-grade. The data was collected from the Kubota EA300N, a small, 
single cylinder 0.3 liter indirect-injection diesel engine. For each lubricant tested, 20 
different operating conditions were recorded. This collection of data showed that the oil 
film thickness measurements were accurate and repeatable. McElwee's data is further 


analyzed within this paper. 





1.3 Analysis Methodology 

McElwee attempted to show that the lubricants used behaved in a Newtonian 
manner under the piston rings of the Kubota engine. The results of McElwee's work 
were inconclusive for two major reasons: 

1. The lubrication model used was deficient in the specification of 
boundary conditions. 
2. There was a great deal of variability in the film traces from cycle to 
cycle. 
The major objective of this research 1s, therefore, to investigate this variability on a 
cycle to cycle basis. By examining individual cycle film traces, it 1s believed that the 
lubrication model can be modified sufficiently to provide evidence of correlation for all 
five types of oil -- single and multi-grades. 

Analysis of the film trace was carried out in the same manner as in McElwee's 
work, however, the method was applied to many individual cycles instead of the 
composite average of one type of stroke in a particular data set. A digitized and scaled 
ring profile was used to determine the location of the piston ring on the film trace. 
Once the ring was satisfactorily placed, several points of data were taken from the trace. 
Figure 1 shows the placement of the ring profile on an actual film trace. Figure 2 is a 
idealized sketch of the specific points of data required from each film trace 1n order to 
begin the analysis. Placement of the ring and collection of data points was repeated for 
each revolution, stroke, engine speed, and lubricant type. Appendices B and C 
provide, in a spreadsheet format, the actual data collected and subsequent data reduction 
(which will be discussed later) for the exhaust and compression strokes of each oil, 


respectively. 





1.4 Choice of Data 

Initially, only motored exhaust strokes for oil films under the compression ring 
were analyzed. Restricting the survey to only the exhaust strokes has several 
advantages. First, the film traces were clear and distinct. Placement of the 
compression ring was considerably easier than that of a downstroke. 

Second, analysis required an estimate of the pressure difference across the ring. 
A computer code was developed by Hoult which predicts blowby across the rings, as 
well as the pressure on each of the piston lands. This code was developed from the 
work of Namazian and Heywood. In order to reduce the effects of inaccuracies in this 
code and to reduce the actual pressure loading term on the ring itself, it was decided to 
use only the exhaust stroke for initial analysis. 

Third, by motoring the engine and allowing all temperatures to stabilize, a more 
accurate estimate of oil temperature under the compression ring could be made. An 
identical Kubota engine was equipped with temperature sensors in three positions along 
the cylinder liner. This engine was run at the same operating conditions as the test 
engine and the cylinder liner temperatures were recorded. Since the engine was being 
motored and all engine conditions were stable, the oil temperature was estimated to be 
the same as the cylinder liner temperature. Information concerning the HTHS viscosity 
of each lubricant was provided by Benchaita. This data was interpolated to determine 
the actual viscosity at the estimated temperatures of the ous. 

Finally, an analysis methodology and supporting theory was developed using 
the exhaust stroke data. This allowed for analysis of the remaining strokes to progress 


at a much quicker pace. 


1.5 Assumptions/Approximations 
The data analysis which is presented begins with the Reynolds equation for 


lubrication theory as described by Cameron. Prior to theory development, several 





assumptions and approximations are made in order to simplify the problem. 
Assumptions are those conditions which are commonly accepted as valid when solving 
the Reynolds equation and used throughout this paper. 

1. There are no external forces acting on the lubricant. No electrical or 

magnetic forces are considered to be influencing the performance of the oul. 

2. The pressure is constant throughout the thickness of the film. This is 

considered to be acceptable since the film thickness is only several microns 

thick. 

3. There is no slip at the boundary. This is a standard assumption of fluid 

dynamics and states that the fluid on a boundary is moving at the same 

velocity as the boundary. 

Several approximations are made during the analysis to simplify the problem. 

The approximations made here will play a major role in the conclusions drawn at the 
end of the analysis. 

1. The lubricant is Newtonian. A Newtonian fluid is one whose rate of 

shear is proportional to the stress. 

2. The Reynolds number is << 1. This approximation eliminates the 

inertial effects of the lubricant flow. As will be shown later, the actual 

Reynolds numbers for the oils are 0.8 < R < 4.0. 

3. The viscosity 1s considered to be constant throughout the thickness of 

the film. Since the film is only several microns thick and only motored data 

was analyzed, the temperature gradient between the liner and piston is 

considered to be negligible. 

The major thrust of this research is to achieve correlation between the film 

thickness and the lubricant rheology when studied on a cycle by cycle basis. If there is 
correlation, then the approximations made were valid and conclusions can be drawn 


accordingly. 





CHAPTER 2 - THEORY 


2.1 Background 
2.1.1 Lubrication Equation 
Cameron provides the development of lubrication theory for fluid moving past a 
wedge. Application of this theory to a moving piston ring requires slight modification. 
The development of theory relevant to a piston ring begins with the one dimensional 


Reynolds equation as defined by Cameron: 


9 4 39P) _ 6ryydh 
Ox 2 Ox ontatis (1) 


2.1.2 Boundary Conditions 
Figure 2 defines terms used in the solution of the Reynolds equation for the 
compression ring of the diesel engine under study. The ring features will be non- 
dimensionalized later to make the theory applicable to generic piston rings. The 


boundary conditions used in the solution are sumple: 


P(O) = Perown land (2) 
P(b) = Psecond land (3) 
h= h(x) (4) 


2.2 Non-dimensionalization 
2.2.1 Ring Features 
The next step is to non-dimensionalize the piston ring features. Several new 
terms are defined and used throughout the remainder of the analysis. Non- 
dimensionalization is accomplished by defining: 


h= 
No (5) 








oe (6) 
ear 7) 
pe ete! :, 

Tr, = (02 tho) 
No (9) 


Ij and I'9 are not required for the solution of Reynolds equation in non- 


dimensional terms. They are introduced here because of the significance of the terms in 
SJ 
2.2.2 Reynolds equation 
Fonming the non-dimensional Reynolds equation simply requires substituting 
equations (5), (6), and (7) into equation (1). By doing so, one obtains the following: 
0 <30P dh 


Ox Ox dx eres 


Non-dimensionalization of the boundary conditions yields the following results for 


h=h(x: yt 2): 


h(O)=T, , h(D)=Pl> (11) 





h2 
) EG@roan land 


P(O) = P; =( 
" 6Upb (12) 


_ h2 
P(1) = Pp = (=) Psecond tanc 
( ) 2 ‘GUpb? Second land (13) 





2.3 Scaling Laws 
2.3.1 Bearing Number 
After non-dimensionalizing the piston ring features, one must try to connect 
theory to observed data. This 1s accomplished by introducing the bearing number, a 
non-dimensional lift term. The bearing number is derived by examining the lift, W, 


generated by the piston ring, where; 


7 APB27nR 
2nR (14) 


W 


and AP is the pressure difference across the ring and B is the width of the ring. The 
lift, W, 1s the lift generated along the entire circumference of the piston ring. Lift is 
also defined as the area under the pressure distribution below the ring as shown in 


equation (15): 





2 


ae 
sy = Oe | P dx 
he Jo 


(15) 


Since equations (14) and (15) are expressions for the lift generated by the ring, they can 


be equated: 





(16) 


The bearing number, defined as 





6U ub? 
» -=f (FP 2P,P2) 


tel 





is a function of the inlet and outlet wetting conditions, as well as the pressure loading 
on the ring. 

To eliminate some of the variables, the effect of the pressure loading is 
theoretically investigated by using a C-language program, Pressure.c. This prograin is 
similar to the code used by McElwee for predicting the pressure distribution under the 
piston ring. Its development is outlined in Appendix A. Figure 3 shows a typical 
pressure distribution for an exhaust stroke. The pressure trace has the non-dimensional 
axes as discussed in the appendix. Of particular note is the maximum value of the non- 
dimensional pressure (~0.04). Since P) and P> are on the order of 10-3 for any given 
film shape, the load varies by only 2-4%. Therefore, the bearing number (N) is 


reduced to a function only of the inlet and outlet ring wetting dimensions: 


2 
io ene. 


APBh? (18) 


Equation (18) implies that if our the initial assumptions and approximations are 


valid, then the bearing number should be a function of only inlet and outlet variability. 


eee Drag 
The development of the equations for the friction force (drag) is according to 


Cameron. It begins with the definition of a Newtonian fluid: 


pee 
Oz (19) 


Cameron continues to develop the shear stress relationship and arrives at equation (20) 


in dimensional terms. 


eZ 





nix) = BU. aP be) 


h(x) Ox Z (20) 


The drag force is obtained by integrating the shear stress over the length of contact: 


D -| T(x) dx 
° (21) 


Finally, the drag force is placed in non-dimensional terms: 


De YD 


Ch = 
: ‘Tub (22) 





To correlate the drag on the ring, the coefficient is analyzed to be a function of 
the inlet condition. This wul provide a relationship for drag on the ring in terms of the 


inlet condition similar to the bearing number: 


Cp = £11) (23) 
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CHAPTER 3 - RESULTS 


3.1 Exhaust Stroke 
3.1.1 Difference between lubricants 

Figure 4 depicts the inlet variability of each of the five oils tested. Note the 
difference in magnitude of the inlet condition for each oil. The single-grade oils appear 
to wet the ring more than the multi-grade oils do. The error bars are an indication of the 
maximuin and minimum values of inlet ring wetting. These two observations are the 
essence of the difference between single and multi-grade lubricants. 

3.1.2 Bearing Number versus Ty 

Figure 5 is a plot of inlet variability versus the bearing number. The data points 
plotted are for the exhaust strokes of all five oils. The data points correlate to a fairly 
high degree. Although the data points appear to be linear, it 1s not discernable that the 
data cannot be segregated by lubricant type or if inertial effects account for the spread in 
the data. 

Figure 6 explores the possibility whether the data can be segregated by lubricant 
type or not. Data for each of the five oils under investigation 1s equally distributed 
throughout the spread. This indicates that the type of lubricant 1s not an important 
factor. Each of the five oils exhibit Newtonian behavior under the top ring. 

Figure 7 examines the possibility that inertial effects account for the separation 
of data. The inlet variability is plotted against bearing number for different ranges of 
Reynolds number. No apparent division of data due to Reynolds number ts observed. 
This indicates that inertial effects do not influence the Newtonian characteristics of the 
oil film. 

Figures 5-7 show that the fluid under the rings 1s Newtonian and the effects are 
widependent of lubricant type and inertia. If the oil was not Newtonian, one would 


expect complete scatter of the data with no correlation evident in any of these figures. 
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The straight line correlation between I’, and bearing number is expressed in the 


following equation: 


Ty, = 1.1138 + 4.8412x103N (24) 
where N is the bearing number. 
3.1.3 IT, versus I, 

The results in §3.1.2 show that the fluid under the top ring is Newtonian. 
However, the theory developed earlier predicts that the bearing number is not sunply a 
function of the inlet condition but the outlet condition as well. Figure 8 is a plot of the 
inlet versus outlet variability. It would simplify the theory greatly if there was a direct 
correlation between the inlet and outlet film conditions, but Figure 8 does not show any 
correlation. One reason that this correlation is not readily apparent, is because the 
outlet condition is the most difficult ring feature to place during the data analysis. The 
inlet condition is well defined, as is the minimum oil thickness. The outlet condition is 
often a subjective placement due to the fluorescent signal provided. In the analysis, the 
placement of the ring was made consistently from cycle to cycle, however, the 
subjective nature of the outlet condition no doubt accounts for some of the data scatter. 

The possible correlation between the inlet and outlet condition is examined in 
the following section. 

In order to explore the relationship between the inlet and outlet wetting 
condition, several random exhaust stroke film traces were profiled. Figure 9 shows the 
digitized ring contour of the film traces. The contours have been non-dimensionalized 
as discussed previously. From these contours, several observations can be made: 

1. The inlet condition plots as x(Q) and the outlet condition as x(1). 
2. The minimum non-dimensional film thickness occurs at x(0.6) and 


equals one, as expected. 


> 





These observations were used to calculate a generic second-order polynomial 
contour for a values of I’; shown in Figure 10. These values of inlet wetting were 
chosen to be representative of the data and provide a number of values in order to 
perform various calculations. The coefficients of the second-order polynomial were 
entered as input into Pressure.c. This process was repeated with different values of I> 
until the bearing number from Pressure.c matched that of the observed data exactly. 


The final values of 5 which predicted the observed bearing number are shown in 


Table 1. 


Table 1 





Table 1 provides valuable information conceming the behavior of the lubricant 
as it wets the ring. The relationship between inlet and outlet conditions is a constant 


value, so the bearing number can be reduced to a function of a single variable: 





2 
ie =f(I)) 
APBho (24) 


Figure 11 shows that the relationship between inlet and outlet conditions falls 


within the data generated. 
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ores Drag 
The non-dimensional drag coefficient for each of the four values of I’) derived 
in Figure 10 have been plotted in Figure 12. This figure implies that the drag on the top 
ring increases as I’, decreases. A third order polynomial curve fit passes through the 
data with excellent correlation. The equation of this fit provides a means to predict drag 


for a given value of I). 


T; = 65.765 - 186.83Cp + 179.47C% - 57.034Cp (25) 


3.2 Compression Stroke 
An identical analysis was performed on the compression strokes for the 5 oils at 
each of the operating conditions as that performed on the exhaust strokes. Figures 13- 
16 highlight the results of this analysis. Several items are worth noting when 
reviewing the results of the compression stroke data analysis. 
1. Figure 13 outlines the differences between oils for the compression 
stroke. 
2. The Newtonian correlation is still evident is Figure 14. Again, no 
segregation of oil type can be made nor are there any inertial effects present 
in the compression stroke data. The relationship between I, and the 
bearing number is determined to be: 
Ty(comp) = 1.3124 + 5.9157x107N (26) 
3. The relationship between inlet and outlet wetting shifts slightly for the 
compression strokes. This relationship is 1.4:1 for the compression data. 
4. The drag coefficient showed a similar trend for the compression strokes. 


Once again, I’, and drag are inversely related. 


3.3. Other Strokes 
An investigation of the properties of the downstrokes was also performed for 


each of the five lubricants. This analysis is not as detailed for several reasons. The 
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typical film trace of a downstroke 1s shown in Figure 17. Note the relatively flat region 
in the area of the ring groove (-9.5 mm to -11.5 mm). The flatness of the film trace is 
not distinctive enough in its features to allow the ring contour to be accurately placed. 
The ring, in these cases, appears to ride over the film and not be fully wetted by the oil. 
The analysis was conducted in an effort to determine three characteristics of the 
downstrokes: 
1. The relationship between I’, and I, 
2. Differences between lubricants, 1f any, and 
3. To determine if enough lift 1s generated to support the ring. 

The analysis shows that the compression ring 1s not fully flooded on the 
downstrokes. The oil does not wet the ring above the ring face contour as consistently 
as it wets the ring on the upstrokes. Several digitized film traces were examined and 
the relationship between I, and I> 1s 1.05:1. This relationship is much different that 
that for the upstrokes. 

The relationship between I’, and I> suggests that the inlet and outlet wetting are 
very nearly the same. In each of the five oils this numerical relationship is consistent 
Some oils display slightly thicker films but maintain the established connection between 
I, andT,. 

Each of the film traces examined were digitized and polynomial fits obtained in 
the same manner as in §3.1.3. The engine operating conditions and film characteristics 
were entered into Pressure.c in order to determine the lift in each case. A positive lift 
for a majority of the cases was obtained indicating that the film trace can still support 
the ring. Several values of negative lift were obtained. This is due to the small 
difference between I’, andI,. In these cases the digitized profile of the trace showed 
that the outlet wetting was slightly higher ( ~0.1 - 0.2 im) than the inlet condition. 


This gives negative lift but is well within the accuracy of the data. 
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Si 4-C : 
The results described in §3 show that the approximations made during theory 
development were valid. Some very interesting conclusions may be drawn about the 
data analysis performed for the 5 lubricants: 
1. The lubricant under the compression ring is Newtonian. This 
conclusion is reached independent of lubricant type (single or multi-grade). 
2. The primary difference between lubricants is the manner in which the 
ring is wetted. The single-grade oils appear to wet the ring more thoroughly 
than the multi-grades. 
3. The minimum oil film thickness typically occurs at a point 60% from the 
inlet wetting point on the ring. This permits calculation of the film contour 
and prediction of the bearing number. 
4. There is a consistent linear relationship between the inlet to outlet wetting 
conditions of ~ 1.24 for exhaust strokes. This relationship is approximately 
1.39 to 1 for compression strokes. 
5. The linear relationships between I, and bearing number (N) vary with 
the type of stroke and are defined as follows: 
Vy(ExH) = 1.1138 + 4.8412x107°N 
T(comp) = 1.3124 + 5.9157x107N 
6. The relationship between I’; and I, for the downstrokes is 1.05:1. This 
suggests that the ring is just skimming the oil film. Even if this is the case, 


there is still enough lift generated to support the ring. 


Me 





7. Non-dimensional drag is inversely proportional to inlet wetting. As Ty 
increases, drag is reduced. This trend is consistent for both exhaust and 
compression strokes. A third-order polynomial curve fit describes this 


relationship. 


I) = 65.765 - 186.83Cp + 179.47C% - 57.034Cj 
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Figure 1 - Schematic of method used to place the ring on an 
individual film trace. Each revolution was examined in this 
manner and the data recorded in a spreadsheet (see Appendix B). 
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Figure 2 - Definition of terms used in the solution of the Reynold's 
equation for the lubricant under the compression ring. 
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Non-Dimensional Pressure Distributtons 
Random Exhaust Strokes 


0.04 


0.02 


-0.01 





Figure 3 - Non-dimensional pressure distributions under three randomly 
selected wetted ring contours. Note that the value of P bar ts ~0.3 - 0.4 
for any selected contour. This, combined with the fact that Pl and P2 are 
on the order of 0.001. eliminate the pressure difference as a major 
contributor to the bearing number. 


2 





Gammal Avg 


Oil Comparison 
Exhaust Strokes 





HSAE30 PSAE30 Mobil |! PISW40 C1i5w40 


Lubricant 


Figure 4 - Comparison of inlet variability for the five lubricants under 
investigation. Notice that the single-grade oils appear to "wet" the ring 
more than the multi-grades do. 
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Composite Correlation 
Exhaust Strokes 
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Figure 5 - Inlet variability plotted versus bearing number (N). Notice 
the correlation which demonstrates the Newtonian behavior of the 
lubricant under the compression ring. 
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Composite Correlation 
Exhaust Strokes 


C1ISW40 
HSAE30 
Mobil | (50) 
PISW40 
PSAE30 


OF 





9) 100 200 300 400 500 


Bearing Number (N) 


Figure 6 - Inlet variability plotted versus the bearing number (N) and data 
separated by lubricant type. Notice that there is no observable difference 
between the single-grade or multi-grade oils when plotted in this fashion. 





Investigation of Inertial Effects 
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Figure 7 - Plot of bearing number (N) versus inlet variability with data 
separated by Reynolds number. Notice that there is no apparent grouping 
of data due exclusively to inertial effects. 
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Comparison of Inlet vs. Outlet 
Conditions of Variability 
Exhaust Strokes 





Figure 8 - Plot of inlet variabilitry versus outlet variability. The data scatter is 
due mainly to the difficulty in placing the ring with respect to the outlet film 
trace. 








Non-Dimensional Contours 
Random Exhaust Strokes 





Figure 9 - Random ring contours of film traces from several exhaust 
strokes. Note that the minimum value of h bar (minimum ou fum 
thickness) appears to occur at 0.6 consistently. 
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Composite Correlation 
Exhaust Strokes 
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Figure 10 - Plot of inlet conditions versus bearing number (N) showing the 
methodology for selecting representative values of inlet wetting to be used 


in further calculations. 
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Comparison of Observed Inlet/Oultlet 
Variability With Theoretical Prediction 





Figure 11 - Plot of the inlet versus outlet variability with the relationship 
predicted by theory overlaid. The large points are the theoretical 
prediction with the relationship shown. 
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Drag as a Function of Inlet Variability 
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Figure 12 - Non-dimensional drag plotted as a function of inlet conditions. 
Notice that as Gammal gets larger the drag on the ring is reduced. 
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Oil Compartson 
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Figure 13 - Comparison of inlet variability versus lubricant type for 
each of the five ouls tested. This is the same analysis that was done 
for the exhaust strokes as shown 1n Figure 4. 
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Composite Correlation 
Compression Strokes 


y = 1.3124 + 5.9157e-3x 





Bearing Number (N) 


Figure 14 - Inlet variability plotted versus bearing number (N) for the 
compression strokes. Notice the Newtonian correlation which is present 
similar to that of the exhaust strokes in Figure 5. 
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Comparison of Inlet/Outlet Variability with 
Theoretical Prediction 
(Compression Strokes) 


ey C o 
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Figure 15 - Plot of inlet wetting versus outlet variability for each 
of the compression strokes. The overlay points are the predicted 
values of outlet wetting for a specified value of inlet wetting. The 
relationship is shown above. 
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Inlet Wetting vs. Drag Coefficient 


y = 65.765 - 186.83x + 179.47x42 - 57.034x43 
R42 = 0.931 


Cp 


Figure 16 - Drag coefficient for the compression strokes added into 
Figure 12 (exhaust strokes). Note the increase in drag coefficient 
as inlet wetting decreases. The curve fit is a third-order 
polynomial with very good correlation. 
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Typical Oil Film Trace 
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Figure 17 - Typical downstroke film trace for any lubricant. 
The ring groove is from -9.5mm to -11.5mm. The lump of 
oil at ~-1 1.5mm is in the ring groove and the flat region at 
~-10mm is under the ring. There 1s no distinct ring feature 
that can be used to accurately place the ring. 





APPENDIX A - Devel : f Pr 





This appendix describes the solution of the one dimensional Reynolds 
equation using a centered finite-difference approximation. This solution was used to 
develop the C-language program, Pressure.c, which is included at the end of this 
appendix. The equation numbers used in the comment lines of Pressure.c correspond 
to the following development scheme. 


Development begins with the one-dimensional Reynolds Equation from Cameron : 


0 _.30P AS 
2 ny = 6Upah 
Give) pee 


Ox OX (Al) 


Non-dimensionalization of (Al) 1s accomplished with the following definitions: 


h=t 
No (A2) 

x=% 
b (A3) 

cs 
6Uub (A4) 
Ie (0; a hg) 

ho (AS) 
No (A6) 


Substituting (A2), (A3), and (A4) into (1), the following non-dimensional 


Reynolds equation 1s obtained: 





dx ax dx (A7) 
Expanding the left hand side of (A7): 
pe 20h OP _ ah 


h'—— + 3 
Ox? Ox Ox dx (A8) 


Divide both sides by h’: 


oP 3 0h0P _ 4 dh 
Ore mao xox a dx 


(A9) 


The non-dimensional contour of the film trace is approximated by a second- 
order polynomial tn the form of : 


h(x) =A+Bx+ Cx? (A10) 


Therefore, 7 
dh =p + 2Cx 
dx (All) 


Substituting (10) and (11) into (9), the following are obtained: 


oP | 3(B+2CX) OP_ B42 
0x? (A+Bx+Cx’) dx (A+Bx+Cx?)* (A12) 
A standard finite centered-difference approximation is outlined by Crandall and 
is used to formulate the equation for programming. The approximations used for the 
partial derivative terms: 
oP = P;.)- 2P} +Pis1 
x Ne (A13) 


aP = -Pi. +Pia) 


Ox Pap RSe (A14) 





Substituting (A12) and (A13) into (Al 1) the following equation 1s obtained 





(Al 4): 
fee 2; + P;.) Yi 3(B +2Ci Ax) Se iosee Pitty = B +2CiAx 
Ax2 A + BiAx + C(iAx)? 2Ax (A + BiAx + CGiAx)2)° 
Rearranging (A14), we obtain (A15): 

Pi. 3(B +2Ci Ax) Papen 3(B +2Ci Ax) 

Ax? 2Ax(A + BiAx + C(iAx)2) Ax? Ax? 2Ax(A + Bi Ax + C(iAx)”) 
BB +2CiAx 
(A + Bi Ax + C(iAx)?)° 


Equation (A15) 1s solved by computer program Pressure.c using standard 
matrix operations. The output of Pressure.c is a file which contains the non- 
dimensional pressure calculated at 200 points along the wetted width. When plotted, 
this file is a graphic representation of the pressure distribution under the ring. The area 
under this distribution is defined as the bearing number and ts discussed at length in §2. 
The pressure distribution is also used to calculate shear stress and drag on the ring. 


The C-language code begins on the following page. 
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peek 


gs a I a A a 


e © © £ © HB HB eH HE HE HE EF HF SF 


Pressure.c 


This program solves the a finite difference approximation to the 

1-D Reynolds equation. The program uses a polynomuial fit of the actual 
film thickness data taken. (h = A + Bx + Cx42). Prior to running this 
program, the film trace must already be non-dimensionalized in 
accordance with the specified parameters. This allows for input of 

the coefficients A,B, and C to be non-dimensional. 


As an aide to interpreting the code, the following is provided: 

- ais the array for the diagonal elements for the coefficient matrix. 

- bis the Array for the elements below the diagonal and c 1s the one * 
above. 

- alpha and beta are dummy arrays used in solving the equation 

- fis the constant array. Results are returned in array X. 

-m 1s the order of the system. 

- dx 1s the increment in the x direction. (x1=1*dx) 


NOTE: all variables have been non-dimensionalized 
h is divided by the minimum thickness, ho 
x 1s divided by the wetted width, w 
P 1s divided by 6uUb and multiplied by ho’2 
The resulting equation 1s: 


0/Ox (h3*dP/dx) = dh/dox Eqn (6) 


ae / 


#define ERRORCHECK_  /* for standard error checking */ 


#include <stdio.h> 
#include <math.h> 


#define ndim (201) 

Hee *fpl; 

double alpha[ndm], beta[ndm]. y[ndm]: 

double a[ndm], b[ndm], c[ndm], f[ndm], x[ndm]; 
double dx, xi, A, B, C, sum; 

double Pieee, imu, U, w,h: 

short m, 1; 

main() 


{ 


fpl1 = fopen("aaPressure.txt", “w" ); 


printf(‘\nPlease input the crown land pressure (Pa) \n"); 
Seanit Golf ocr 1): 

printf('\nPlease input the second land pressure (Pa) \n"); 
scanf("%lf", & P2): 

printf('\nPlease input the oil viscosity (Pa*s) \n"); 
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scanf( lf", &mu); 

printf(\nPlease input the ring velocity (m/s) \n"); 
scanf('%Ilf", &U); 

printf(\nPlease input the wetted ring width (m) \n"); 
scanf('%lf", &w): 

printf \Z%onPlease input the minimum film thickness (m)\n"); 
scanf('%l1f" —,&h); 

printf(\n\nh(x) = A + Bx + Cx42\n"); 
printf(\nPlease input A\n"); 

scanf("%lf", &A): 

printf(\nPlease input B\n"); 

scanf("%lf", &B); 

printf(’\nPlease input C\n"); 

scanf("%lf", &C); 


m= 200; 
ax = |.0/m; 
for G=1; i<=(in-1); i++) 
Mit xe 
bfi] = 1.0-(3.0*(B+2.*C*x1)*dx)((2.0*(A+B*x1+C*pow(x1,2)));  /* 
Pe */ 
ail = -2.0: 
PPi*/ 
c{i} = 1.04(3.0*(B42.*C*x1)*dx)((2.0*(A+B*x1+C*pow(x1,2))); /* 
Pi+1 */ 
f[i] = ((B+2.*C*x1)* pow(dx,2))/(pow(A+B*xi+C*pow(xi,2),3)); 
} 
a) = 1.0; /* Initial conditions are that P] = Pcl */ 
Aan} = 1.0; and >2— Es) =) 
byO} = 0.0; 
b[m] = 0.0; 
ero) = 0.0; 
elim} = 0.0: 
f[0] = P1*pow(h,2)/(6*mu* U*w); /*crown land pressure */ 
in| = P2*pow(h,2)/(6*mu*U* w); /*2nd land pressure */ 


alpha[0] = a[0}: 
for (i=1; i<=m; i++) 
{ 
beta[i] = bfil/alpha[i-1]; 
alpha[i] = a[i] - beta[i]*c[1i-1]: 


} 
y[O] = f[0]: 
for (=1; i<=m; 1++) 


y[1] = fli] - betafi)*y[1-1]: 
x[{m] = y[m]/alpha[m]: 


for (i=m-1; 1>=0; 1--) 


a 





x(t] = (yt) - cli*x[14+1 })/alpha[i); 


for (i=0; 1<=m,; 1++) sum = sum + x[i]; 
sum = (sum-.5*x[0J]-.5*x[m])*dx;  /* trapezoidal integration */ 


fprintf(fp}, "Z%e\t%e\1W* = %f\n", 0.0*dx, x[0J, sum); 
fprintf(fp], "%et%eNtU(m/s) = Mf\n", 1.0*dx, x[1], VU); 
fprintf(fp!, “%e\t%e\tmu(Pa*s) = Zf\n", 2.0*dx, x[2]. mu); 
fprintf(fp], "%e\t%eNtPcrown = %f\n", 3.0*dx, x[3], P1); 
fprintf(fp!, “%e\t%eNP2ndland = %f\n", 4.0*dx, x[4], P2); 
fprintf(fp!, “%e\t%eNtwtin) = = Mn", 5.0*dx, x[5], w); 


fprintf(fp1, "Ze\t%eNA = %fn", 6.0*dx, x[7], A); 
fprintf(fp1, "%e\t%eNB = %f\n", 7.0*dx, x[8], B); 
fprintf(fp1, “%eN%eNtC = %f\n", 8.0*dx, x[9], C); 


for (i=9; i<=m, 1++) fprintf(fp1, "%e\t%e\n", i*dx, x[i}); 
for (1=0; 1<=m; I++) printf("%e\t%e\n", 1*dx, x[1]); 


printf("W* = %lf\n"",, sum): iby sum represents the non dim. 
liftAength */ 


fclose(fp! ); 
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EE = ee a < ee 
[1 [#201 Cummins 15W40 Motored 1000 rpm eae | 



























Saal 
= eI Inlet(mm) | h min (volts) | Outlet (volts) | Outlet (mm) | Delta (volts) 
=e Exh-2 60.1154 | 1269: 0.992 

Exh-4 HGH o2 | O2O5126 ALOIS 1.008 
Exh-6 0.19028 19 0.974 
= Exh-8 0.19632 0.931 





7] __Exh-10 0.19712 


| 8 {  Exh-12 0.19364 
| 9 |  Exh-14 0.1798] 
OT ei Pe 


0.05371 


{008371 | 0.988 
0.05126 0.897 


0.03418 0.693 
=e 
0.03418 0.693 


0.036618 0.724 © 
0.034183 











- Bxh-22 4 11424 | 15 





Pag 493 
PEEL Sites | neil) | okt bin aS) "Oa aa) OsTeT| BAERT| Ne — 
cae ~Exh-T 0.14003 222 

Pens [013078] 
Es Exh-§ 0.13667 


Ex-13 0.13953 iia? 0.1111 0.14684 11.853 


11.0360 | 084555 — 0.15335 | I 
10.889 0.10009. | 0.14327 | 













j 1038s" 0. 17335 












=> 












paz[Exhe25 [0.1507 | O.0s6Is4 | __0.729 
fale) bari vos ewe we) Outlet (mm) | Delta (volts) oe 


lg 
0.11487 11.301 0.002603 | 0.15608 12.015 0021967 
0.0317 









‘ 





ae ee : 
0.098984 0. 11363 | 


| 42 | Exh: 14 0.11167 11.142 0.09726 1 0.11656 11.842 














1 G01221_ | 06 
0.621969 _ 


| =—0.01709 | 





7 


143 | 
Ea 
145 | 
ie | 
Bee | 
PA | 
| 50] 
fe | 
52 | 
(oy 
En 
55. 
[al 
[Sc 
59 | 
60 | 
ret 
62 | 
63 | 
Re | 
Ee | 
(ool 
mee | 
(OO 












' h min (volts) | Outlet (volts) ' Outlet (mm) 

0.07179 | 11.697 

0.11327 11.82 
] 












0.093738 
_ eee | 
0.077857 We 





ba | 


0.18296 


0.18296 
O2517 10.608 | 0.13452 | 
0.22301 6 ! 
0.23208 60 Oo. 5 0.002016 > | 
malta oaion 7 . = = —— —~4—----— > 
| | 


#252 Havoline SAE30 Motored 1500 rpm 








































Stroke/rey _ Inlet (volts) Inlet (mm) | “hmin (volts) | Outlet (volts) | Outlet (mm) | Delta (volts) b (mm) 
Exh? 0.15772 10.582 | 701060066 | 0.08448 4 11.558 ee! 
~Exh-9 0.15149 — 10.758 0.095334 


36 = 













Exh-17 10.785 | 0.122073 | TA 

Exh-19 10.796 0.090328 ; 

Exh-21 0. 16633 10.525 | 0.066133 0.071016 11.793 
nn: | ee Oe) Pee | fe 
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oo 
b (mm) 






Inlet (volts) b 
Exh-1 L i Tea 0.058596 | 1.202 
~ Exh-7 | 0.095551 ~ 6.1102 11.646 — 0.036619 0.907 


| 0.008615 | O.10507 0.048825 0.823 
0.092723 0.11225 111.700 | 0.061037 1.045 


10.776 0.099926 0.11457 f ie eS 


Exh-9 
Exh-13_ 


os 

| 81 | Exh-21 

182)  Exh-25__ 

(a3 | Exh-27 

[84] | 

— #Wi MOBIL 1 MOTORED 1000 RPN 


4} O25IST | 10.717 0.1 _ vt es 8s _Vbotse | 
Exh-5 0.25168 698 | 0.09543 ~T 0.14182 | 11.83 
10537. | 0.13466 OTT 849 


_Stroke/rev Inlet (volts) | Inlet (mm) _|_h min (vo ts) | Outlet (volts) gO Outlet (mm) “Bekaworsy tha] _ b(mm)- 
o ~ Exh-i 0.24849 ~ 10.673 0.082474 | 0.11177. | ~=11.562 0.166016 r) 
h-3 Wt 717 | 







10.72 
40.9371 6.10788 1 0.19089 












0.12381 










0.18736 | 






Tae? |. 

ii ee 0.34787 10.6411 0.13437 0.16486 i1.734 
Exh- 7 0.2 1383 .61 : A186) | | 

oz Exh-9 0.22746 SS 0.10783 0.14201 








O.iieist_ 01531 


0.10254 


real” 
oa] Eh 021165 


[eae 
071, 


3 Mobil ! Motored 2000 rpm 


ioe SE ie Inlet (volts) | Inlet (mm) _ 1 
T10 6 20703 10.586 0.10604 
444 Exh-3 


10507 | 0.10926 | en 
0.146] 4 0.17051 Ei 


































112]  Exh-S5 7 Ties 10.579 | 
14113] Exh-? 0.18603 — 1043 | 0.1079 «0.14696 
114] = Exh-9 0.23232 10.505 | 0.098041 0.18105 | 





tee |__ 9.20292 
aE Rs 7 
a7 ~ Exh-17 | 0.18902 — 


eee ete 










[1 24|#3 

[125] Stroke/rev | inl 

128) Exh-1 cane . 

Exh-3 ~ 10.473 0.16524 iz Miccor 





























~ 10.386 
10.415 


| ©0.12347 | 0.15765 


11428) = Exh-5 
- —T_ 0.13662 1 0.19033 


Exh? 0.21426 a 
Ts Exh-19_ 0.18682 — 
1435[ Exh-21 0.1787 
136) 


137] #38: 


1138] Stroke/rev | Inlet (volts) | 
i439)  Exh-l oe 


rao] Exh-3 | 0.15608 
at 








11.388 
“Tt 41.445 











Inlet ce h min (volts) Outlet (volts) | Outlet (mm) 


“T "6.40781 0.15175 | 11.289 














“0. 12591 0. 16986 


10.304 0.12567 | 0.135431 11.131 
0.1744 10.315 0.13534 014754 11.168 









EEE a a a a ee ee 
10.353 0.12937 0.14402 11.131 0.05127 0.778 
Has} ES} Tet — 10.353 0.11675 0.13872 11.004 0.06592 



































149) Exh-23 0 i O12 10.304 0.1225 7 0.13959 11.094 

150} = Exh-25 Picea Se eon4is4 Oise! Ff 11092 | a 
152 

1153 

1154) Inlet(mm) , h min (volts) | Outlet (volts) | Outlet (mm) 

158|  Exh- Pis23 \stelQcds we wOl20e) | 0.16306 1 19304 

mee Exh-3 0.10377 7 (0.18678 11.646 

~ Exh-5 — 0.10007 «0.16599 11.651 


1 6.10498 1.224 
ao a al 4.097 — 


LP 0: 12493 . 0. ia a) 









ae 
0.12615 


rea] Exh-6 | 0.25506 — 10.361 0.11102 0.16239 11.48 









169 Exh-8 0.13447 0.15888 

170} ~Exh-10 ie Pa Oael61 0.13606 a, 1508 =o 
171] Exh-i2 10.448 0.12623 0.15552 11.5462 0. 10498 1114 
Exh-14 Noser 12393 Se 015323453 
173] Exh-16 0.26062 10.361 0.12146 0.16052 HinS35 2 0.13916 | L174 
174| Exh-18 0.21745 10.332 0.11735 0.13689 11.48 

175) Exh-20 | 0.24249 I— 6 Soa OO NI70R Ce TSG 

176) = Exh-22 0.25057 | 10.438 0.13338 ~~ «0.17733 11.508 

177 





17 8/#403 Pennzoil SAE Motored 2000 rpm 
Stroke/rev | Inlet(volts) | Inlet(mm) _ 





h min (volts) | - Outlet (volts) Outlet (mm) Delta (volts) 





























1180)  Exh-2 0.22306 0.12785  ==—s-0.14493, 0.09521 
181) = Exh-4 23! | 0.13012 0.13256 

182} Exh-6 0 | | 12804 0. 4G? 

fra] Exes | 0.2327 
184) Exh-10 | 0 07368 
186; Exh-14 0.10254 
Exh- 74 

IT) ea 26 

191 








193) 
194) Inlet (volts) Inlet (mm) 









Stroke/re v 














195) Exh-3 0.17068 “WHO S9o )° 012673 2 0.16335 @ 
96} ExhS 10. ah “004638 | 0.956 
Exh-9 10.443 0. 13611 6. 17762 WW 383 0.0537] 0.94 


Exh-17 0.15173 10.443 0.16976 0.19173 11.528 0.02197 1.085 





Exh-19 [0nss SRO1Os7 019135 FF ino7 0.04883 To 
Be] Exh —~iga1s ON as T0183 i a8 
201] Exh-23 AE | | 1019 
oz) Exh-27 | 0. |  Gssem © Ocoee w “0.18275 T1448 ~~ 0.922 
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| 1 j#201 Cummins TeWae Motored 1000 rpm 

















































|} 2 | Stroke/res | Cal (mV/um) h min ny ' AP (Pa) Oi Temp (°C) yt (Pa-s) 

ry 32.7 3.882385321 | 3.529051988 220025 73 17.05520631 | 0.017055206 
ay 1.26911315 | 4.357186544 | 220025 «SS, 17.05520631 | 0.017055206 
koa Exh-6 2.165137615 | 3.65382363 | 220025 17.05520631 | 0.017055206 





1.940978593 | 4.062691131 ce | 17.05520631 | 0.017055206 












1.045259939 | 3 OSaTanee 
1.73883792 | 3.281957187 


a 










| 12.98359739 | 98350739 0. 012983597 
[SS 98359739 | 0.012983597 
ae 98359739 | 0.012983597 


1567584008 Tr 3.49357798) | 220025 | 














AP (Pa) 
220025 
“| 320025 






|Oil Temp oe 
O27 





8 3.17706493 0 
| 2910214067 r 
9916146789 | 






38} hs 337 — 
26} Exh-9 32.7 
Exh-13 


33.7 
































3336085697 | 1040057555 0.010400576 
10.40057555 | 0.010409576 
10.40957555 | 0.9010409576 
10.40957555 


geese [327 
w(CP) | pe (Pa-s) 


0.6717737_| 2.831896024 | 220025 T0T.3 EBS 7772 0.008 665777 
1013 


225 | 0.008665777 
0.008 665777 
18665777 


1.26911315 | 
























1045137615 i 3035002141 1220075 

~ | 0.746666667 | 3.027033639 | 220025 
0.440672783  2.974311927 

0.522629969 | 3.6443425076 

1 0.59733945 | 2.680336391 — 



























T | Exh30 








39 | 

eal 

41) 

42 | 

/43 | 

es | 

145 | 2 
| 46}  Exh-28 
48 | 

ae | 

50 | 

eal 

52 | 

We) 









3.0175 | 1879410112 | 
4.526179775 | 2.633089888 | 
Ss] 3085955056 | 2.05508618 | 230035 
se]. . °3.97761236 | 2.186004382 | 220028 ~=[ 73” 
ExhO 7948032584 | 2.190303258 220025 
se] Exh-11 4663230337 2406904382 | 220025 
| 59 | 

| 60. 





220025 




































Exh-13 s 4.183258427 2.081067416 | 220025 | 
Exh-15 | 35.6 | - 4.457724719 | 2.061376404 | "2200250 | 








| 62 |#252 Havoline SAE30 Motored 500 rpm | | 




















17.5655416 | | 0012565542 | 
12.5655416 | 0.01256554? 


12.5655416 | 0.012565542 


(631 Stroke/rev [Cal(mV/im)] Delta(um) — hmin(um)  AP(Pa) Oil Temp (°C) 

Exh-3 35.6 2.53747191  2.024044944 220025 83.3 

165]  ~ Exh-7 2.743089888 1687247191 | 220025 83.3 

168] Exh-9 35.6 2.468960674 1.786376404 220025 833.3 12.5655416 | 0012565542 

Extall [035-60 2.1 ; 12.5655416 | 0.012565542 

168}  Exh-13 —— 6 7743330337 ~2.036264045 220025 83.3 —-12.5655416 | 0.612565542 
638} Exh-15 35.6 1.95741573 | 2.422078652° 220025, | 83.3 | :12.5655416 | 0.012565542 


70 Exh-17 | 3.429016854 | 2.022668539 270025 83.3 
fg Exh-19 bi). 
CE Pe 


35.6 

















IS | aes 





2.537303371 | 2.010449438 | 








50 





0 I) ee SS ee ee Se 
wc Havoline SAF30 Motored 2000 rpm : a | 
Cal(mV/um)| Delta(um) — h min (um) | ‘Oil Temp (C)[ eu 


“ie 1 2.0 1.645955056 | 2.214157303 220023 _ 
sd "788249540 0.000 78825 


35.6 | 1.028623596 | 2.684016854 
[9.7B8249549, 0.00078825 
ee 




















Exh 35.6 
Exh-13 35.6 

















0822865169 2.806010112 20025 937 
1.371630213 | 2.151683393 Tk 

0.685674157 | 3.7921 34831 +— 330008 
0.891516854 | 2334325843 


















Delta(um) | hmin(m) | AP (Pa) (Oil, Temp (°C CC) 
-4.911715976 | -2.440059172 | 220025 0. 020985344 







ae 

7 0.020985344 
0.020985344 
0.020985 344 
0.020985 344 
0.020985344 
0.020985344 
0.020985344 













3 10887574 i 
4, 333727811 | ie 244674556 | 






pee eee 
(CP) (Pa-s) 
15.88381858 0.015883819 










78890053254 3663017751 












Exh-3 33.8 2.957100592 _3.452662722 220025 15.88381858 | 0.015883819 
100 i _ 33.8 | 4. a 15.88381858 | 0.015883819 
101) Exh-7 33.8 2817150763 | | 3509171598 | 220025 | 83.3 1588381858 | 0015883819 
102) Exh-9 33.8 3.530349112  3.1902366R6 -220028.~=~—~S~SS:SCSC*Y«C' 8 BBSRIBAB | 0.015883819 
een, «Sesh-l. | 2 | 2.239053334 4373076023 220035 83.3 15 88381858 | 0.158838 19 | 





3.828402 367 | 3.446153846 220025 3 15.88381858 | 0.015883819 





Exh-3 

Exh-5 aiee38 | | 3 (242604 4, 323488207 © 30025 
Exh-7 2.311538462 3.192307692 20025 
Exh-9 | 33.8 | 3.972751479 , 2.900621302 220025 — 
Exh-11 AS 2 =35 

Exh-13 | 338 | 2.311538462 | 3.373964407 | 220025 
Exh-17 2.527810651 | 3.064497041 =. 220025 

| 220025 
T 220025 1 





17.67950472 | 0012678505 


12.67559472 
12.67559472 | 0 012675595 


qzol Esha | 338 


Exh-35 38 
Exh-27 33.8 








1.68 369906 “Z.415360502__ 
: “2.755172414  4.155485893. 220025 * 73 0.016781 371 
Exh-17 31.9 2.142946708 | 4.573667712 | 20025 | (6.78137139 0.016781371 
Exh-19 | 31.9 | 1989655172 3.86677116 | 220025 | ~~ 73 16.78137129 | 0.016781371 


0.016781371 
ery ‘Delis (am) Rrmin amy] AP Pa) 
Exh-1 31.9 1.377429467 | 3.379623824 | 220025 

a on 2.142821317 | 2.768777429 , 220025! 
141) | 220025 
ers. $64263323 220038 

3472727273 | 

2” 3.947021944 











25 | 12.86091126 | 0.0128609T1 
4242633229 ‘ 7 . 12.86091126 | 0. lie 
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__. ~~ S e e 
Exh-19 1.607210031 | 4.055485893 | 


ae 
319 
31.9 









220025 


















iE “747963383 “5 RA01 35307 1 & 
1.530721003 | 4.446394984 | 


730035 











7123017903” 2.762650847 
2O849 10486 | 2.569309463 | 
2747314578 | 2.681074169 


138] Exh-7 | 390.1 


759] Exh-9 39.1 
~ Exh-it eel 










2.622506394 | I 3226342711 
3683887468 | 2.839386189_ 
7.6225063904 | 3.439130435 | 
2.684910486 | 3.110230179.— 2 

































Exh-16 aa 

Exh-i8 7560102302 | 3.001278772 

Exh-20 3.184398977 3.017391304 | 0.012793943 
176 253 0.012793943 
1 et Delta(tm) | hmin(um) | AP (Pa) (ii Temp (°C) 





~ 220025 92.7 ; 0.010071145 
6 | 00100711 145 
0.010071145 








2.435038363 | 3.269820972 1 





: 6.010071148 
2.622506394 | 3.706138107 145 





















1 1.560869565 | 3.360613811 | ; 0.010071145 
1 ; | 3.270: | | . | 0.010071145 

Exh-24 2.872122762 | 2.704092072 10.07114496 | O.10071145 
190] Exh-26 2.747570332 | 3.307928389 | 2200 10.07114496 | 0.010071145 





191) — _Exh-28 [| 871355499 | 2. 3887 ZOE) ez 4 TO" 96 0.010071145 


“Sas Cal (mV/um)y 
a Exh: 5 30. ] 
Exh-9 — 3901 


Exh-17 39.1 
82574414 


Exh- 21 39.1 | 813299233 | 3.030946292 8.2574414 | 0009760465 
Soo Een ~—39.i | 0.624396678 | 3.48797954 | 320023 “101.3 | 8.2574414 | 0.009760465 












~hmin (um) 
' 3.241176471 | 










Delta (Um) 
1.124040921- 


_ Ht (Pa-s) 
0.0097604 65 











a2 





0 a a a a ae a 
WE: | 
@uUTAP 


h-2 863.838 Sie | ~0.00178628 
Exh-4 863.838 inl | 1083. 527791 | 568.8520905 | 5606291853. 0.001757926. 


in Exh-6 863.838 0.00192 
_ Exh-8 863.838 | 


















Stroke/rev B (m) APB/6pU APb/6uU 








0.00192 | 1083. 527701, $35.3081114 52513 39402 0.001903319 


a 863. ee 381 6.00192 | 1083.527791 | 527.6554609 | 45452.71769 EOULESSLS 













ae 
| 9 
11 1#202 Cummins 15W40 Motored 1500 rpm | De 
Stroke/rev | tho (kg/m3) | (b/hY\2 6uU/bAP 
Exh-2 857.349 ; | : . | 342.4859336 | 50161.74365 | 0.002919828 
~ Exh-8 78 | 6.00192 “| 94 i OTe 52083.21837 | 0.002701523 
Exh-10 aA : 0.0029 19828 






Exh-12 — 0.002794808 


cc 


—_Exh-2000 | | 
Exh-22 















| 948. 878777 


| G.00T92 oe 
0.00193 | 948.878777 | 398.3314033 













Exh-is 
Exh-21 
Exh-23 


851.427 


Biressia7 =|. 
851.427 . 





LS ] 
~4 


7 Exh-2 
Exh-4 RAG. 
Exh-6 ~ 846.009 


Exh-10 846.009 | 
Exh-12 ie 


eS 


0027283 36 


ae 152480 
Cs 
0,003049969 










7 Exh- 0 


863.838 


__ 863. B38 

















pe 
| 1080.452219 





























APB/6p,nU 


| APb/6pU 
- 980.4479912 
{| 980 } 


0.00192 _ Y 560.795825. 
ioe 





0.00192 
+ 0.00192 | 
S715 OMMI92 
Sais — | qe? 


, 980.4479912 _ 306 5647954 
7 980.4479912 559.161745 | 20 

980.4479912 | 514.7351954 | 248354.2665 | 0.001942747 
“T 980.4479912  465.2021458 | 208329.0715 | 0.0021496023 








~ oa on a 
oO “4 ~§ 
' | 
i] 






77] Exh-19 
[72] Exh- i 857.349 
i) _ ie 
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eo R See ei OM SVR TIS ewe | xX 
7 4 (#253 Havoline SAE30 Motored 2000 rpm | > SS eae 
l D 


T5|_Stroke/rev | tho (kglm3) | U (mis) Bim) AP R/GaU AP O/B] (mY 
Ex 42 162 







































0.001692134 
0.002242497 
0.002471379 
0.001946359 


851.427 943.978284 | 590.9697382 | 294708 0452 
851.427 -943.978284 | 445.9314081 | 1141942133 
851.427 943978284 | 404.6323582 | 88216.43682 
851.427 | 943.978284 | 513.7798473 | 1609747013 

















0.002 152323 
0.002581149 
OIL OAL ERE, 


943.978284 | 464.6143117 
943.978284 | 387.4244207 
| 943:978284 | 458.222792 | 


—— — —_ 
















TUES 























APB/6pU | APb/6nU 
























_tho (kg/m3) | _—_ Bim) |, APB/6pU | APb/6U | (b/HY.2— | G/B AP 
863.838 0.00192 1 880.6045635 | 407 .7382588 | 132740.3033 | 0.002452554 
—Exh-3 [863.838 | - 880.6045635 | 510.4754579 | 141126.4948 | 0.001958958 


j 0.00 
Exh-5 | 863.838 3.81 | 0.00192 | 880.6045635 | §19.1897739 
, ro. B80 6045635 | 527,.9040899 
863.838 —@.00192 : 8806045635 534.783813 
~ 863.838 | £3.81 | 0.00192 | 880.6045635 | §12.3100507 
381 “0.00192 | 880.6045635 | 520.565718¢ 
p35. 


160752.008 | 0.001926078 


136317.0213 


140666.4001 | 0. 
118512.4728 | 0.001951943 
























863.838 0.00192 | 880.6045635 | 501.3024937 
| | Sl a aa eee eee 
#302 Mobil 1 Motored 1500 rpm ae | ieee 


 (bfhY2 © AP 
2 | 775.6233147 | 406.7982698 | 7557547657 | 0.002458221 
77§.6233147 | 463.7581069 


Stroke/rev 






857.349 
857.349 












0.00192 


0.001937 775.6233147 | 464.5660479 
0.00192 


Exh-13 | 857.349 775.6233147 | 476.6851622 


Exh-i7 
857.349 ip: foe 





#303 Mobil | Motored 2000 rpm 
Stroke/rev rho (kg/m3) 


























' 0.00192 | 728.9515968 | 421.8048042 | 123305.1338 | 0.002370765 
| 0.00192 | 7289515968 | 4237031156 | 119189.8841 | 0. 
0.00192 | 728.9515968 | 438.5099449 | 71399.79044 | 0.00228045 













“B51.427 762 | ~~ O.OOT9T _ 728:9515968 | 452937112 | 139659.7945 | 0.002207812 
851.427 0.00192 | 728.9515968 | 436.61 16335 | 157185.9i11 
762 | 0.00192 | 728.9515968 | 452.937112 | 113065.7449 


Exh [831427 — —_| 0.00192 1 728.95T5968 | 424 4624402 | T09800.0633 | 0.002355021 
Exh-17 851.427 "0.00192 | 728.9515968 | 465.0863052 


Exh-19 851.427 «162 | 0.00192 | 728.9515968 | 422.5641288 
Exh-21 851.427 ; ~ 0.00192 | 728.9515968  410.4149355 


“F28.951596R  451.7981251 
728.9515968 | 422.5641288 

















04165.6796 | 0.002366505 
141740.4179 | 0.002436559 


0.002294355 


pea S052 | 1.007 718978 
83560.71057 | 0.002366505 


0.00136214 






















= = 0! 0} ol wo co} co| a a wal al a 
0] 2] ~4] o co} col ~ ©} 2} wal om 
~ ~ 
| : , 
=e 
iy 

























=  0.00136214 
“S715 | 0.00192 — 0.001 36214 
00192 0.001 36214 


1h 








734.1390525 | 361.3340649 
| 734.1390525 | 357.510424 
0.00192 | 734.1390525  372.0402594 
5 | 6.00192 | 734.1390525 3353333068 








45806.93995 
50626.69736_ 
45258.11513 
§1440.15224 













0.00136214 
; 0.00136214 | 


Exh-13 863.838 
Exh-17 863.838 


#3 








1 
troke/rev_ ‘ B(m) 
Exh-! Sts 

857.349 7.62 0.00192 718.4479253 | 360.3465375 | 120969.6662 | 0.001391889 


" = 
Ww 
~d 


Exh-5 857.349 7.62 0.00192 | 718 4479253 | 337.1466566 | 54701.3267 | 0.001 391889 

Exh-9 857.349 ~ 7.62 0.00192 1-718 4479353 © 3334047403 | 62490.76551 | 0.001 391889 | 
143) Exh-li [857349 [| 7.62) |) 0.00192, 718.4479253 | 254.0761 152 | 38229.4626 | 6.001391880 
144) — Exh-13 857.349 7.62 | 0.00192 __| 718.4479253 | 291.1210864 | 38852.60226 | 0.001 391889 
145) Exh-I5 7.62 | 0.00192 | 718.4479253 | 309.4564762 0.001 391889 
146] Exh-17 7.62 0.00192” 7184479253 © 319.1854585 0.001 391889 


54 














T eT Cs acl 
0.00192 | 7184479253 , 291.1210864 | 36802.16802 


2 | 40992.46208 



















53/4401 Peanzoll SAE30 Motored 1000 rpm a a ae 
1154] Stroke/rey | rho (kg/m3) U (m/s) Y 
1156) Exh-3 863.838 : : 1074.978865 | 649.4663973 


57} Exh-5 = | | 3.81 | 0.00192 | 1074.978865 | 6522658214 


756|  Exh-7 | 863.838 147494.5376 | 0. : 
159|  Exh-9 863.838 226949.9037 | 0.000030251 








863.838 16741 5.4746 | 0.000930251 
863.838 


863.838 















0.00192 | 1074.978865 


0.00192 | 1074.978865 | 555.9656315 
0.00192 1074.978865 


-630.9901981 



















1 
‘ 
, 
} 
7 
i 
. . 


165) 
Exh-2 







































~ Exh-4 

166] Exh-6 

1169/  Exh-8 112984.3713 

170} ~=Exh-10 © ive Oe 122594.4183 

Exh-12 857.349 J O.00192 | 962.0447083 | 558.7085443 | 119069.0071 | 0.001 038481 
Exh-14 e- — 0.00192: 962.9447083 | 547.6748028 | 118698.6808 | 0.00103848 1 
173}  Exh-16 | 4 142831.2231 | 0.001038481 
857.349 a 0.00192 | 962.9447083 | 575.7606902 | 1463090206 | 0.001 038487 
Exh-20 Paes ~ | 0.00192 | 962.9447083 | 607.3573134 | 161073.8419 | 0.001038481 
+i a es lO 







=a | =s 
“iN 
ois 


~ 
~J 
© 





| 917.4622201 | 478.8005961 












"9.00193, 








































1 80) 851.427 

18tf{  Exh-4 851.427 7.62 | 0.00192 | 917.4622201 | 549.9994872 

182] Exh-6 | 851.427_ 7.62 | 0.001927 917.462220i | 584.4043204 

We3{ Exh-8 

184 xh-10 851.427 

186] 9 Exh-14 851.427 

gshie | as1so7 | 

188) Exh-220 | 851.427 | 

xh-24 1.427 

190) 

191) 

192) 

1 93/8404 Per 

1194) Stroke/rev | rho (kg/m3) 

195) Exh-3 | 846.009 | 

1196; Exh-S 846.009 ; 0.001320424 
re7|_ fino | rasa | 9: 000132002 
Exh-17 : 2 
Exh-19 846.009 757.3323466 0.001 320424 
[200] — Exh-21 | 346005" | eK | 7873373466" 0.001320424 
201] 846.009 0.001320424 
202] 0.001 320424 








a3 










A A EY ER  - \: 
ummins 1 ! 






































| 1 4#20 40 Motored 1000 rpin | 
2 
| 
5 | 
a A777: 
Exh- 10 i 374520605 | (1. T6337 7366 0.8463 14898 
A Exh-12 | 0.001662457 0.004939662 
eet (ea 0.004016355 
if jee 
a 
12 | 
p13] 0.001 508312 
Fal Baa — Senn 
(15 {  Exh- 10 0.0015083 12 
rie] Exh 12 —| Oni 546708 
P17 | Exh-14 [0.001 395663 









1304505608 | 6.013347127 l 337523468 {J 017644892 0.001654965 0.0019 TRASE- 


p18} _Exh-20 | 0.001 142047 | 1.304505608 | 0.013. ee 
79] _Exh-22 | 0.001944893 | 1.448704489 | 6.017827134 | 190998117 | 1.318406338 | 0.002777762 | 0.00332106 


27 1#203 Cummins 21h Mote Motored 2000 rpm | il 
| 22] Stroke/rev | (d+ho)/ho Bh*2/6nUb*thoUhGamma/p rhoUh/H [ PI | P2 
Ee ~ Exh-T — 1.322900778 | 0.021745267 | 2.668963928 | 2.01749505 | 0.002230815 | 0.002840851 
1258542689 | 0.015190202 | 2.49208765 | 1.98013756 0.002745288 
Exh-5 0001627303 | 1436152327 1 0012356477 2604922517 | 181382049 | O.00180313T | 0002303487 
~ Exh-9 | 0.002110298 



















1.537679062 | 0.013673357 | 2.794759557 | 1.81751812 cers 0.002312889 
1212058031 0.022067@06 | 2.659243357 2.193900129 
1.574380086 0008223187 | 2.550001677 | 1.620057102 
1.380419837  0.017991691 ' 2.870236935 | 2.079249268 
1304719025 | 0.016300465 | 2630653441 | 1.8861452077 
1.37598349 | 0.01983975 | 4.066629606 | 2.955434884 
1595823605 0013874243. 2866615545 1.796323462 
(207233212 | C020R63046 





















Cummins 15W40 Motored 2500 rpm | 


ae ' (d+ho)/ho * pERATEAUEA pe _thoUh/j 



























“37794201 0.008264669 | 3200452015 ig 387945241 
1269111633 | 0.028776 | 3.97305872 | 2579724774 
1.344259323 | 0.012162222 , 3.79492566 | 2.823060697 
1.246666128 | 0.01435064 | 3.509133207 | 2814813949 | ( 
1143444687 | 0.02448789 | 3.873080087 | 3.387901331 
1.222859881 | 0.008938557 FE 3.047884093 | 2.492423 _ 


1.117122302 ue 0.018804707 | 3.31178001 | 2.964563507 
1.241335 369 | 0014487115 | -3.213387782 | | 2.58865401 1 


0. 003016954 
0002415403 
0.002401312 





























Exh-16 
“Exh-22 © 
Exh-24 0. HI5499 I 8 
Fah 


xh- Bar 0017 773968 









0. 00188275 
0.00266361 ih 
0.002030941 










| 38 | 

| 39 

(40)  Fxh-10 | 
| 41 | 

142] Exh-14 

| 43 | 

| 44 

45 | 

| 46 | 
















0. 4631705 


0.003873115 i 0001501409 | 0.001558428 

| 0.003503567 igi 0.003282232 | 1.205424887 | 0.40045338 | 0.001122332 | 0.001 164954 

| 0003823092 | 3.162499148 0003376938 | 1.254450508 | 0.396664299 | 0.001101193 | 0.001143013 
| | | 


Stroke/rev fo = | (d+ho)/ho | PBh*2/6nUb*thoUhG amma/j feel eo et wie || 2 

~ Exh-3 0.002310574 | 2.253663817  0.003330443 | 1.778696916 | 0.789346782 5 mODeIaT ami isi834 

0.002810543 | 2.625778311 [0002930099 | 1.727545277 | 0.657917414 | 0.000669441 | 0.0008004 
| Exh-9 

















0.0025245 | 2.383105511 | 0.003271002 | 1.659306581 | 0.696571404 | 0.000750436 | 0.0008972 13 
Exh-I1 0.002310053 | 1854826356 | 0.007159995 , 1.856793529 | 1.00106057 | 0.001549899 0.001853041 
Exh-13 | 0.003765353 | 2.347187927 0.004131135 1863694071 | 6.794011442 | 0.000975071 0.001 165783 | 
Exh-15 0.001787594 | 1.808155313 | 0.004797034 | 1.70771991 | 0.944454217 | 0.001379572 _0.0016494 


bo 3) 


Ql m am 
~ ~ 


r70| Exh-17 | 0.003401802 | 2.695293513 0.00394778 | 2125805144 | 0.7887 10073 | 0.000962004 | 0.001 150268 
71 Exh-19 | 0.002785185 | 2.262057788 | 0.004775008 


Exh-21 | 0.00221744 
i.) i ae 


1 .773329827 | 0.783945413 | 0.000950505 | 0.001 136412 





56 





0 ee See eee 


#253 Havoline SAE30 Motored 2000 rpm 
Stroke/rev a/b 

: 0.001 369347 

‘| 0.001 134094 

0.001 666451 

0.001 64069 | 




























2s T4568 7071 ie 
2.8627981 56 | 


7547244007 | 0.001233753 | 0.001576111 


1494956663 | 0.010700707 
1.658272489 | 0.00586414] 





0.00145 1459 
00008701 45 












~“t] NENT NN 
Bille al tl ,e- 























“Siroke/iey 
ara 
oe Exh- 3 
Mec - . 

| 0.003052697 | 0.003130652 

ane 000091 1385 7091929958 | ay 015980063 ee 0 002041414 | 0.00211894 
rez] Bxh-11 2.335643294 | 188553786 tied 0.002223651 | 0.002308008 
193) Exh-13 AT: | 
194] Exh-15 | 0.0021 51656 0.003333360 
95 | — aa 
| 96 |#302 Mobil 1 —— 1500 rpm 
(d+ho)/ho. APBNAZ/6Ub At 
Exh-I 0.00286897 


Exh-3 | 0.002575872 


700] Exh-5 0.003039785 
101) 
ee 


borg 00297964 | 0.003 me Onset 





788708505 | 0.010262897 | 2.021145401 | T. a TOTesEaaT9 
1 85646958 | 0007015771 | 1.977247137 | 1.065057655 | 0.003217699 | 0.003681455 


Exh-7 | 0.002449704 










Exh-9 0.002927501 
Exh-11 0. ie [oomise339 3 53 
Exh-13 | 0.003244409 5. {1092033 0,006618401 | 554401 3506 | | .063049834 0.002200345 0.003641467 
















7 ie 


ros Exh-17 | 0.002635732 | 1.939785538 | 0.006100928 | 1.931614847 | 0.995787838 | 0.001938608 0.002317777 | 
Exh-19 -SROSESRAIS 1646962903 | 0. 172 | 2.212253432 | 1.343232096 | 0.00352743 | 6.00421735: 
ae 2 ee _ epee  E e 
ale 2 | 






| e782 pe 
0.003454567 2.369620873 0004637512 | 3. 51806568 | | 484653398 

| 7 
0.0020675 66 
ee 28 | 1 e DOGITROOD 2 91 l 126663 
1.880473982 | 0.005142863 | 2.763632002 


se Exh- 33 a ROSTIOO 


Exh-25 | 0.001578241 
Exh-27 0.001946868 










0 002543621 
0. QOD65e234 


0. (002591972 0 ea i336 







0 002079255 
0.00144145 
































24 
ee P2 

_ Exh- I neat 0. — re) 004046775 

158 Exh: § 0.00 1.553656759 | erate sat 1138654215 0.003637903 0003153878 

Reha 0.012692614 1.259924993 5" ose 


~ Exh-7 | aasaoNees 


128 
Segment 100177438: 


Exh- 13 0.001781692 
ia Ee 15 | 0.002946708 


0.0022024 12 


2.047954495 























0.002268706 
fae Bt oman 
(136 
137 | 
138 re irew PBh*2/6n Ub“thoUhGamma/t pP2 ] 
139 Exh-1 0.001669611 | 1.407568871 | 001205658 | 2.416456002 | 1.716758626 | 0.001968728 | 0.002514308 | 
(140|  Exh-3 | 0.002225152 | 1.773923282 0.005939075 | 2.494960064 _ 1.406464975 0.001 687615 | 


144 Exh: 5 OMmNI034I 76 | 1318488079 0.013134013 | 2384448907 1.956891453 0002587351 | 0.003 266999 
‘142 Exh-9 0.001116705 | 1.279155673 | 0.011496865 | 2.315976019 | 1.810550559 0.002189164 | 0.002796642 
(143 Exh-I1 0.00196398 [1 1384004333 | ROT rome ATE SOOOE | 1. 6405269 | 0.002078 165 | 0.0026548.42 
144 Exh-13 0.000983552 | 1.193868636 0.018491 620 | 3.363684785 | 2.004981714 | 0.002684585 | 0.003430544 
145) Exh-15 — { 0.001388104 | 1.291398106  0.016302948 | 2.584294198 | 2.001159972 0.00341 6482 
146] Exh-17 | 0.001435465 | 1.288606473 0.017773306 | 2.77713296 ' 2.155144351 





37 














































ee ee ee ee 
147] Exh-19 | 0.002065823 | 1396305171 , 0.01052 

148] Exh-21 | 0.002788742 ‘J EES 

949] Exh-23 | 0001453117 1208038776. "0.01 6075865 “3.53381 5348 | 1.950681 122 | 0.003541 145 | 0.003 346206 
150) Exh: 25 0.001798732 | 1.344261139 | 0.019613371 | 3.036215261 | 2.25864988 | 0.003406863 | 0.004352245 
— a 

152) 

'153/#401 Pennzoil SAE30 Motored 1000 rpm | | | 

154] hA2/64Ub*thoUhGamma/p — rhoUh/p 

755) | 0.006743804 | 105386801 Fale van 

1156 | 















115 9) Exh-0 C00T193554 5 

160}  Exh-11 | 2.024706668 | * 0.006421035 ” 

161{| Exh-13 0002263672 | 1.757215473 | 0.009607002 0.908684753 0. 568333689 
1.781780339 | 0.008638981 | 1080857091 


Po 2 Se 
Fea ean Pennzoil SAE30 Motored 1500 rpm 
Stroke/rev a/b (d+ho)/fho \PBh*2/6 UbAThoUhGammal rhoUh/p 
~ Exh-2 0.0019 


_ | 0002642655 | 2.09991 1661 | 0.005558615 | 2328306517 | T.108764028 | 0.001935905 | 0.002 
0.002233821 | 1.812841855 | 0.007272541 | 2.239957999 | 1.235605849 GaOia0aIT3 BONE BTAan 
2.297423888 | 0.006199977 | 2.498345167 | 1.087411505 | 000186206 | 0002226257 







= 
a 
oa 















ale 
a 
- 






















Exh-® O.00226R604 1.762549267 ° 0.008522813 | 2.321450196 | 1.317098046 | 0.002731757 | 0.003266057° 
— Exh-10 1863251377 | 0.007854719 | 2.219389055 | 1.191137751 | 0.00223424 | 0.002671231 
Exh-12 | 0.002410153 | 1.8316565 , QOQRORTIRG | 2.264640732 1.236380428 | 0.002407233 | 0.0028 7ROIR 
Exh-14 0.002630149 | 1906156701 | 0.008112514 | 2.313810303 | 1.213861537 ().002774124 
173] Exh-16 0.006741836 | 2.552703895 | 1.189668541 0.002664646 





0.00303 1584 
0.002230054 
0.002629562 
0.002801 109 


0002487363 
0,002514141 


0.003213323 





=| = 
“IN 
gi & 













[es ° 
2.055348364 0005078281 2375125345 1.155582862 aoe 
87 ~, 0000787373 , 2.454266806 | 1.306421785 | 0002687649 


=A 
~J 
a 


6uUb*thoUhGamma/p = rhoUh/p Pl iP 
0009770138 | 3,675094264 | 2.106832358 
, : ig ; | 0.00243706 | 0.003113327 


om {om 
NIN 
o|~ 
* 


ad 
“J 
© 


Exh-4 






Exh-6 
Exh-8 
xh-10 
~Exh-12 . 6 OGi8i4947 5 002083199 


0.003022559 | 0.003861298 
baie Ee. 0.003 17488 


0003006588 


Exh-14 0.002282495 
fe ee 
Exh-24 ox 002409 062 i 5 3,592230038 | 1. 
Exh-26 30601515 | 0,006744081 | | 3.900977624 2.130081315 


Exh-28 — 


) eo 
rea pecreicey ( SehOvnG SPBR*T/quUbThoUnGammaly rhoUh/p 
1.346800284 | 0.009800366 | 3.603921537 | 2.675913853 IR 
Exh- 5 0,001240784 3.930 
ES 2 0.001 461338 







0.002974061 
0.0028 19536 
0.004385997 
000123404 1 | € | “| 0.004 365868 
0.001 494888 150836178 + 9.004728478 '39904n6051 | 2.50234791 0.001 668731 0.002 137507 


0.001225312 | 1.290889591 | 0.013437665 | 4.574581679 | 3.543743564 | 0.00334669 | 0.004286835 
0.000677111 | 1.178985188 0.010838583 | 3.395093414 | 2.879674357 | 0.002209926 | 0.002830734 
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gS |: es 
T fair (NimA2) {Shear rate (1). 
2.612844037 | 1.740381282  18412.97217 | 1079610.052 


2.01559633 | 1.473457367 | 15263.68069 | 894957.2588 
7165137615 






































0.08545 1643206634 937R02.0324 











2.61 3149847 
{1 0.06348 | 1.941284404 | 1.442646956 | 14816.65845 | 868746.9493 
Exh-1 1.791743119 | 1.418709355 | 15185.14249 890352.319 
Exh-14 0.083 | 2.5382263 | 1.645663166 | 16529.42037 | 969171.5286 
es || CtCs 


#202 Cummins 18W40 Motored 1500 rpm 
Delta2(Volts)| Delta2(m) | Gamma2 | tau (N/m/2) ishos ate tlia 
0.01465 0.448012232 | 1.144791461 | 23980.83784 
0.298776758 | 1.091036154 | 22608.84432° 


0.046388 | 1.478593272 | 1.515468042 | 26962. 18745. 
0.031743 | 0.970733945 | 1.34658849 | 26492.63731 
0.970672783 | 1.359960988 °27516.54218 — 2119331.133 
1.194495413 | 1.341911765 , 21239.331 | 1635858.718 
#203 Cummins 15W40 Motored 2000 rpm_ 
Stroke/rev | Delta2(Volts)| Delta2(tsm) 
1.418348624  1.438167218 | 245044457 | 2354029.287 
2.090519878 | 1.658003658 | 24966.74923 | 2398440.658 








Exh-5 , | 
_ Exh-9 © 2.389051988 | 1.819249565 | 27200.608 | — 2613037.186 
Exh-13 0.03173 | 0.970336391  1.275649379 | 22533.19066 | 2164659.891 
Exh-15 2.090275229 | 1.804160098 | 30515.96011 | 2931527.801 
Exh-19 0.03418 — | 1045259939 | 1.313319278 | 23776.6576 | 2284114.034 
1.045259939 | 1.220430801 | 16727.68978 | 1606952 
0.039064 =| 1.194617737 | 1.41448974 | 27521.5455 |  2643868.175 


" 22020.50749 | 2115408.778 


— — — _—_ —s ~ —d - oe —_ 


~“ 





















#204 Cummins 15W40 Motored 2500 rpm | | 
Stroke/rev | Delta2(Volts)| Delta2(m) | Gamma2 | tau (N/m/2) Shear rate (1/s) 
Exh-2? 0.063477 1.94119266]1 | 1.685474553 | 29147.08992 | 3363470.946 


Exh-4 | 0.065017 _[ 2.015810398 | 1.784078505 | 3214256025 __ 
Exh-6 0.053713 


1.642599388 | 1.592094095 | 29753.05585 3433397.268 
Exh-10 0.075686 


2.314556575 | 1.762394988 | 27188.46795 3137452.908 
Exh-12 0.014646 
0.000 








w LS) = 
| | 



















; 0.447889908 | 1.147963307 | 27268.12381 | _ 3146644.912 
Exh-14 0.590214067 | 1.198437179 2775144995 | 3202421.345 
Exh-16 0.009480122 | 1.002601981 | 2265492671 2614298.305 



























Exh-22 | 0.073243 _| 2.239847005 | 1.83565895 | 30795.21225 | 3553658.425 
Exh-24 7.344036607 | 1421582734 | 25800.72301 | _2987607.842 





1.71709480] | 1.616811855 | 29650.42642 | 3421554.196 


Exh-28 | 
' 1.045259939 | 1.278089659 | 21960.03554 | 2534110.325 


~ Exh-30 | 
Exh-34 








~“ 


#251 Havoline SAE30 Motored 1000 rpm . ey | 
Stroke/rev | Delta2(Volts)] Delta2(sm) = Gamma2 tau (N/m‘2) |Shear rate (1/s) 
Exh-] 0.004883 0.137162921 | 1.0729819 | 34673.2765 | 
— Exh-3 | 0.548651685  1.208368004 | 24748.60687 
Exh-5 ; ' 1.603326996 | 22052.13793 | 
Exh-7 0.891657303 | 1407700005 | 29796.7416 | 
Exh-9 



















| 0960168539 | 1.438354408 | 29750.50541 |: 11739413.681 


Exh-11 0.048831 | 1371657303 | 156986311 | 27073.31059 | 1582886.952 
Exh-13 0.021973 | 0.617219101  1.296587749 | 31313.40484 | 1830791 .243 
Exh-15 0.019531 | 0. | i 





#252 Havoline SAE30 Motored 1500 rpm _ 


























































Stroke/rev | Delta2(Volts)| Delta2(um) , Gamma2 __ tau (N/m‘’2) |Shear rate (1/s) 
 Exh-3 0.019531 | 0.548623596  1.27105307 | 35479.48402 | 2823553.903 
Exh-7 0.024414 | 0685786517 I. 
Exh-9 0.031739 | 0891544944 1.499080116  40199.85377 | 3199213.775 
Exh-11 0.014646 | 0.411404494 | 1.16025122 | 27972.40191 | 2226119.877 
Exh-13 1165702247 | 1.572471065 | 35266.58068 | — 2806610.476 
Exh-15 0.023294 | 0.654325843 | 1.270150535 | 29648.94232 ——-2359543.525 
Exh-17 0.012207 | 0.342893258 1.169525185 35503.62743 5. 
Exh-19 0.021973 | 0.617219101 | 1.307005533 | 35719.41123 | 2842647.963 
Exh-71 0.004883 | 0.137162921 | 1.073836058 | 38657.09555 3076436.877 





NUNIT NIT ~ oO mn & 
Wi rho| 1 Oo NN ~™ 
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ee ee ee ee 






SID LMRORPD) Shem Pe HO) 
0:274325843 | 1.123896275 | 3368616198 | 3441489.902 
0.411488764  1.153310797 | 27789.11819 | 2839028.372 
0.205758427 | 1.074256171 | 26917.51261 | 2749987.26 
0.548511236  1.210594998 | 28636.67086 | 2925617.161 
44 | 0.411348315 | 1.146548446 | 26572.44393 | _2714728.899 
1 | 10063746736 | 3466420407 | 3541409922 
- 1.126592593 | 19668.72616 | 2009422.222 




































































[84 | 

85 | 

| 86 | Stroke/rev | Delta2(Volts)| Delta2(jm) 

187} Exh-! 0.029296 0866745562 | | T 1$61437.544 

Exh: 5 0.04639 1.486115477 | _ 1349449 .859 
_ Exh-7 0866568047 | 1.377972858 | 2 — 1222150.517 


“35718 03082 | 1225523.411 










0.939053254 | | 580413606 2 24641.65842 | 1174231.786 


27189.00024 1295618.492 































0.722189349  1.197156934 24781.7S901 | 
2.090832544 . 1.605484147 | 26291.59883 | 
| 0.866568047 | 1.216529903 | 22682.36202 
_ 1.432256977 | 25868.22008 | 
~ 1.316980432 | 28454,32339 
; fe ; 2 | 20757.92966 | By |b 
1.083431953 , 1.314388736 | 26341.25673 | 1658 370.536 
180891716 | 1589438432 | 38120.51676 _1770387.682 
0.722485207 | 1 1.165919283 20846.78 78342 | _ 1312454. 138 
i” 













Et 7 0.05127 


ae ; 










































Delta2(um) . Gamma2 tau (N/m‘2) ‘Shear rate (1/s) 
1.372189349 1.433701141 | 30528.1043 | 2408415.934 
1227810651 | 1.379827933 | 29879.87804 | 2357276.222 
0.722189349 | 1.167077344 | 22345 48879 | ~ 1762874.743 
1.155621302 , 1.362001854 | 30256.49188 | 2386987.952 
2. 455887574 | 184667639 | 33299.08379 | 2627023.388 
0.794378698 | 1.223899266 | 27223.77814 | 2447731.821 
1.011242604 | 1.299719397 28627.45044 | 2258470. wae. 
1.589053254 | 1.518536397 | 31518.39616 | 2486541.803 
1.086390533 | 1.315030885  28008.54045  2209643.102 
1.372485207 | 1.47800103 | 33639.10844 | 2653848.532 
1.227810651 1357820314 | 28148.6073 | 2220693.223 
1.011242604 | 1.258508546 | 24691.23789 | 1947935.259 
1.083431953 | 1.281389273 | 25085.87271  1979068.695 





































#3! 
125) Gamma2_ | tau (N/m‘2) Shear rate (1/s) 
126) Exh-I OSAEAI26 1.226941227 | 21874.63626 | 1303507.079 
27)  Exh-3 0.84169279 | 1.162490922 | 18514.80651. 1103295 .207 
fr2e| Exit | 0.03418 






Exh | 168360906 | "7303134941 12230340034 
Exh-11 1.68369906 | 1.378346013 | 21551.04697 | 


129) | 

130 

131) 9 Exh-13 0.03174 0.994984326 | 
1132] Exh-15 2831661442. 
133) Exh-17 765: 






1477077. 3 
~ 1728698.085 








13 7|# 
738] Stroke/rev Delta2( Volts) PED Gamma2 tau (N/m“2) Shear rate (1/s) 


Exh-| 0.04394 1.40756887 1 =e 35264 | 2254688.804 

1 ) | 1691046601 | 35394.73515 | 2752117.208 
0.02685 | : . 

Ost. 7 — 2137889.182 


0.03034 





| 1.377742947 1 ‘340058852 | 24828 88240 
0.305956113 | 1.077663722 | 24876.20973 | 


0.382445141  1.090143343 | 23098.89602 
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1878936.384 


0.459247649 1.113241001 | ra 
2082038.544 


0.688714734 at F 188179872 | 2677691396 






















Str Delta2(Vo ts) 


e/rev | Delta2(Vo Delta2(uim) | tau (N/m‘2) Bias rate (1/s) 
Exh-1! 0.06104 


1.56112532 | 1.593082005 | 24882.78931 | 1447444.617 






25591 45274 
23707.98626 | 


}488667. 933 
1379105.721 













1373913043 7 497315312 | 











159 _ Exh-9 0.05 127 . 
= Exh-11 0.06104 
Exh-13 | 0.043905 | 

























0. 6045 5343 1935 . 
1.311253197 ; 1461808683 | 25751.12408 | 
"| 0624296675 | 1-181527478 | 21260-42831 | 

0. 374680307 | 1.120467067 | 23508. 67359 | 












~ 3013758. 962 
~_1661757.269 
1837484.582 





Exh-14 0.0293 ©.740300815 1.236523788 | 23068 5B545 180308642 
ues Exh-16 ~ 0.03907 |: 0.999232737 | 1.321669685  23537.7062 |  1839753.828 
Exh-18 0.01954 | 0499744246" 1.166510439 | 24362.07751 | 
Exh-20 0.02442 0.62455243 ~ 1.206984235 | 34231.98674 

Exh-22 0.04305 































Stroke/rev Deltad Volts) Delta2(um) | Gamma2_ | tau (N/m‘*2) (Shear rate (1/s) 
Exh-2 0.01708 | 0.436828645 | 1.133594056 | 23469.82457 | 2330402.816 
Exh-4 | =—.00244 | 0.062404092 | 1.018751921 | 23060.38327 | —2289747.925 

| 0436828645 | 1.138816645 | 24387.3299 | 2421505.202 
0.125063939 | 1.045198262 | 27734.69887 2753877 .438 











































Exh- 10 0.01468 
See 1186180958 143706034 | 2833443882 
ees 14 —O.0077 | 0.249872123 - 1067421158 | 20706.76331 | 
7] Be Exh-18- ane 0.874168798 | 1.260121766 | 22835.74636 | 
0.624296675 | 1.190897005 | 23466.15368 | _ 2330038.32 
Teo Exh-24 0.02685 | 0.686700767 | 1.253948737 | 28379.99689 | 2817951 .386 
+3 Exh-26 _ 0.02442 -23199.45161 | _2303556. 518 





0.62455243 | 1.188804701 | 


97] Exh-28_| 0.0203 
192 












Deita2(um) | 


Stroke/rev_ an ia ep al 
0.93657289 | 


194) Str : 
1195}  Exh-3 03662 
196) Exh-5 | _0:04304 
Exh-9 0.04151 
=e — Exh-17 {| 0.02197 





























1 061636829 1.304973918 | 26706. 8278 | 2736224.377 
0.561892583  1.129418002 | 214127.9692 — 2193847.196 
Exh-19 0.562148338 | 1.129775049 | 21462.2758 
oa Exh-21 ~ | 0.252429668 1.083284111 | 30673 sues) i 


201| _ Exh-23 0.01464 
[202] Exh-27__ | 0.04637 


















1. 185033504, I 340005866 | 76653 94964 | 7730807. 30 
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62 











__Comp-2 _ | 0.202081 
| Comp-4 0.36468 


-7_|__Comp-6 | 0.25499 












0.079138 | 0 0.17923. “47812 






0.173779 


10.60, 
| OE = ay | 020935 «| _6. | 0.18982 11.671 0.12939 = a 
@ | Comp-10 0.21431 0.082474. | 0.18013 0.131836 1.125 
| 10 | | 





_ Comp-12_ | 0.23754 Se 
ones 14 








aE ; 10.514. | 0.089339 | 0.20653 - See ~ LE 


0.080563 | 1.182 
0.073241 0.864 


cry 6.979 
119} Comp-12 | 0.080561 
| 20] Comp-14 0.15473 0.08301 1.066 
[22| Comp-18 | 0.17343] 10.272 0.090427 0.11972 _11. 613 


-23} ~Comp-20 | 0.18349 0. 0.10537 0.13332 8 0.07812 _ 
241 Comp-22__| 0.17747 0.089581 1010911 ne ce 0.087889 
i... (EE Pe S a 


Outlet mcrae) 
0.863 
“0.949 

__ 0.828 


. 0.895 
0. 123836 11 700 e045 | Peary 


ss 046386 Eggs 945 
0.02112 Feige) 















0.0808 OF 
0.008 6Ee 
0.097509 


0.11254 
epee 
0.1146 





Come 0 























'H min (volts) Outlet (volts) 
0.11124 





6.11407 






0.1266 © 








0.13063 | 
0.1037 








_Comp-24 Dime 039063 4 054 
~ Comp-28 0.03174 1.015 
a 





) | Delta (volts) b (mm) 
0.08789 1.073 


| 0.06836 =| 1.178 













10.723 0.094971 0.11694 11.789 0.087889 | 1.066 | 
[43 | Comp-8 [0.14960 {10.618 0.085513" | FO10795 | TTG#5m | 0.006177 | i t-025 iw 
44] Comp-i0 0.13006 10.587 0.084577 0.11632” —*11.789 0.046383 1.202 


[45] Comp-i2 | 0.14373 | 10.765 0.009781 0.14373, | 11.651 | 0.043949 0.926 
46 | Comp-16 0.15717 10.677 0.086636 0.12299 | ‘11.719 0.070534 1.042 
p47 | Comp-18 | 0.13751 | 107657 0.091128 1 0.11066 181 
| 48{ Comp-20° 0.12487 10.618 0.088251 0.11022, | 11.719 0.036619 

| 49 | Comp-22 10.667 — 0.10442. | 0.15325 11.691 

|50] Comp-26 — 667 | 0.093762 0.11818 1.007 
| 51] Comp-30° 765 | 0.10246 0.13664 0.07325 
[52] Comp-32_| 0.13867 | 10.677 | 0.086566 | 0.14295 _I. [00az10F [1.087 


53] Comp-34 0.14196 10.723 | 6.1029. 0.13708 | 11.043 oo 0.92 
me | 9.141 doe ON : 3 


[56 | 
0.27549 10.691 0.15381 1.177 
a 0.30624 | 10.729 |_—«0.13046 | Ei 
Comp-6 0.2802 10.71 0.10931 | 0.17089 — 
Comp-8 0.25076 428 il C86 0.14648 
_ Comp-10 0.26152 cae 0 163 | 0.1416 
10. 0. "0.1825 | 









































[621 Comp-12 0.27334 


= —_Comp-14 | 0.25818 


Siem Mobll 1 Motored 1500 rpm : | 
'66| Stroke/rev | Inlet (volts) | Inlet(mm) | h min (volts) | Outlet (volts) ) Outlet Gum) 
67 | Comp-2 073085 10.881 0.13324 0.1723 

: : 6 


_Comp-4 — 
_Comp-6 


— Comp-10 0.2168 6.12158 0.20047 ! 
| 0.19645 {10.612 0.10856 | 0.16471 
73} Comp-14 | 0.22052 | 10.554 0.12042 0.16925 




















0 a a a a a a ee ee eee ee eee 
0.20851 10.641 | 0.11574 | 0.18653.) (11.763 0.09277 1.122 
0.20285 |__10.743____ 0.13038 0.18332__11.734__| 0.06347 [ 0991 __| 

: 7996 11.792 


| 74 | 

| 75 | 

76 Comp. 0.21902 | «10 Sl OR ae 
[77 | Comp-22 0.23756 0.11963 
cc 
























ru 

|81} Comp-2 0.19867 
82 | ~ Comp~4 
[a3 ~Comp-8 | 021837] Bas eae 0 
aa] Com 
[88 | Comp-10_| 020708 — 10.6 0.13896 
ee 0.342 0.12552 


| 87 | 





@ 
~d 














Stroke/rev Inlet (volts) nlet(mm) | h min (volts) 















Comp-1 | 0.14909 | 10.712, | (0.11247 | 
__ Comp-3 0.16945 
— Comp-5 | 0.15871 
peo coms Re) EP a 087 
1104 Comp-IT 0.13801 1.734 ahs 
1102} Comp-13 | 0.15221 0.03418 oF 
1103] Comp-17 0.14607 0.03906 ‘1.173 
1104] Comp-19 0.162551 : | 
Ie 10.649 0.108 03 0.136" 1734 
a _ Comp-23 _ Oi ; ONS es ae) wll SM SS 418 tee 
Comp27 0.15231 663 | T1325 _[_6. | 1.071 
ee | a9 | 002 
10[ Comp-31 | 0.1531 | 10.649 0.10428 01531 1739 | 004882 | +109 




















—— nlet (volts) b (mm) 
i Comp? tik 10.272 | 0.10814 . 0.14232 : 1.269 
775] Comp-4 | See RO, od 1486 [| 004305 [O18 
116) Come a 0.358 0.14 2110S fT .44 0.04394 087 
117} Comp-8 | 0.16855 aie | O16 0.16123 | 3 i 388 — 0.04639 | 1.088 
116) Comp-10 | 0.17948 | 10.358 | 0.12821 0.16483 1474 O.03137 | 1.114 | 
1419} Comp-12 | 0.17167 10.358 | 0.11063 | 0.17899 | ae 0.06 104 0.992 


120) Comp-16 _| 

121! Comp-18 0. 19603 32 ! 812 08 o 2 

23 Comp.22 OH 

23) : 

124) 

eters | Taleo) | Inlet al _h min (volts) | Outlet a Outlet (mm) 
0.17675 10. i 0.11571 0.1328 11.353 See 1 or 

10.422. | 0.10524 0.14919 | 11.427 1.005 
0. 16625 10. 353 | 0.08813 0.11987 | 11.39 1.037 

ae 10.383 | 0.095479 0. boars | ae 39° 

ea  Comp-16 0.16333 0.0488 1.074 

0.08371 ] 02 


~Comp-i8 | 0.14619 
135| Comp-24 | 0.1458 10.278 0.10674 0.11651 me 1.075 





























ae cana O.17116 | 1 
1134) Comp-22 0.13367 











Comp-26 0.16633 po (EO 0.14191 1.39 Bates m 
Comp-28 0.1474 | 10278 0.11078 0.15228 1a 0.03662 






Comp-2. | 0.1291 


SOsCCIS age 
aa] Comps | 014101 
143; Comp-8 0.14119 0.11677 ent | ra 
reat_toup ate | toe 6.11286 | 0.13239 11.445 0.01953 +3985 
745] Comp-12 [| 0.12301 [| 10.355 0.098507 _| 0.14254 11-373 [0024413 [018 
746} Comp-18 | 0.13282 | 10.404 0.11085 0.15236 11-421 











0.10109 — 0. 12062 
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Te Pee c | CG 
471 Comp20 | 0.13321 10.355. 0.11368 | 0.14542 | 11.445 0.01953. | 1.09] 
148] Comp-26 | 0.1219: 10.485 0.08268 0.12927 7142 | 0.0283 [0968 


(| [a 
1150) 

15 1/4 A I eS Sa ee ee 

‘Delta (volts) ~ b(mm)- 


153] Comp-2_ {0.18666 | 10.524 ore — 88 613 


fees ae Ioag {ees eet thas tp 

Gomp-6~ | —0.18919 0.1361 0.08104 aS 

Comp-8 | 0.18886 _ oe 0836 0a 1 62 | 0.08348 

as? —Comp-i0 033 

158] Comp-12 | 0.20889 | 10448 0.13807 0.18692, _11.632__| 0.07082 | 1.184 _ 

F159) Comp-14 0563, 0.12983] 0.186 iss] 1068 — 
a 


162) Its 
763|  Comp-1 | 0.22127 10.332 e Le 0.16268 11.48 


164] Comp-3 0.2219: 0.15847 11.589 0. ina Stale i 
0.15881 uD 68 us ee 











— Comp-5 [| 0.23693 | 


185 cao males 
___Comp-7 022335 10.361 0.1036 0.13494 | 11.451 | 0.11963 
~~ Comp-9 0.23884 ANAS — 332 0.11433 0.13875 7 633 5 a3 ] 31 


Hea] —Compit | 023381 — 0.13174 0.15371 11.671 
169) Goa 025516 Tea 0.10379 0.17459 11.366 0.13137 r.147 
179|~Comp-15 O15 |. 
171 p-17 0.16331 | 1.623 0.124513 21 
asses 


























min (volts) Outlet Oat ” Outlet (mm) 





_ Stroke/Rev niet (volts) | Inlet (mm) 












177) Comp a | 0.22596 10.366 | 0.12098 | 0.17713 __11.554 1.188 
+Tot Cae 21936 10.415 1.139 





181] Comp-9 O33: 

5a] Compt Lae 
183] Comp-13 

184) ese ee 
185] —Comp-17 | 049463 
Comp-19 0.23957 
a7] —Comp.2i | 022886 | —1 oosa1 |. 
10.441 0.13996 0.21251 319 1.078 
789| Comp-25 | 0.23224 | 10.441 0.11994 __| 0.13168 Ir 076 

| 


1191 #404 Pennzoil SAE Motored 2500 rpm 


Stroke/Rev | Inlet (volts) | Inlet (mm) | H min (volts) Gur volis) | | Outlet (mm) 


os -10 0. 16727 dt | 1.43 0 03174 0. 942 
ier Comp-12 | 0.1831 | : ~ 0.03418 1.064 — 


0.16132 10.334 0.13935 0.16865 0.02197 


TE _ Comp-22 0.1672 10.489 0.13302 | 0.16231 TES 0.03418 0.591 
[200] Comp-26 | 0.16998 10.469 0.13336 | 0.18218 11.435 | 0.03662 | 0.966 


201) Comp-30 | 0.16857 10.558 0.13928 | 0.16125 | 1.525 009539 0.967 
Comp-32 | 0.16628 i | 0.18093 | 11.525 0.0415 1.064 
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11110 
531 ates 2 S671 538 ia $11110 | 


+ 3.6343 50562 3400674 
eee iss tanseanyratsaasion 
110 { Comp-12 35.6 2 

ee Sa ; 
Perot weave ga ———~——— 
(13 |#252 B AF | 

Hay Galt mim) 
115) Comp-2 35.6 ered aI Fy. O08 2.108904494 | S1it 11 B3.3 12.56554 6 41 6 0.01256 554 2 
te ees 
3360224719 | 2.269831461 | SIllll 1833 


ae Comp- 75 earner 2. S Sa ae 3 DORE a 5052 SHE 83.3 633 TERRE aml OORT 
2.262949438 | gaa essai Si1iii 83.3 12.5655416 COLES 
0 liti 53. 





- Tse 10375498 | 0 ama 











=F Behslie 5 PES 


3 12.5655416 ed tea 
0. 




















12.5655416 
a 12.5655416 3019868849 
7 
E = 
P27] Stroke(Rev [Cal (mV/um)| Delta Gum) — bmi Gam) AP Pa) OW Teg Eolas 
i 0.891601124 | 2.64 d d d ; 9.7 882 549 0.009 78825 
~1.440224719 _2£ 







000978825 
0.00978825 










0.00978825 
0.00978825 


0.00978825 


a 
5.6 
6 


_Comp-24 _ a, 6 
Comp-28 5.6 














— Comp-4 


Maa] Comp-6 | 38.61 2408703135 3 O67T4TIN 470426 101.3 936018324 | 0.007956018 
[43 |  Comp-8 35.6 | 1858904404 7345870787 770436 01.3 | 7.956018324 | 0.007950018 
p44}  Comp-i0 peELE "| 302893238 | 2.375788407 | 470426 101.3 | 7.956018324 | 0.0079560i8 








48; Comp-i2 | li 234572472 a! ROJESTOTO = ATTA OT. 7.956018324 OF#TTOSEOIF 
4é aecniye| 6 35 3 | 1981292135 | 2.433595506 470426 Tor 7 956018324 ! peor 
| 48} Comp- 0 —aI0 
149} Comp-22 
/50{ Comp-26 2 
/51] Comp-30 | 35 6 -2.05758427 | 2. 878089888 | ~ 470426 | 101.3 "7.956018324 | 0 DOTSReOE 
[52] Comp-32 | 35.6 | 1.182696629 2.71252809 | 470426 | ‘101.3 _| 7.956018324 | 0.007956018_ 
53 | 


Comp-34 LOOTISTOII~ 2.890440438 470406 1013 — 6018324 | 0.007956018 
Fuasec? 




























56] ) (um) | 

4.550591716 _ | 4550591716 | 3-6 | SNNIO OF 38 
se — Comp 338 Sang ERSTE TT Ro "3.859763314 | 511110 | : 0.9853 54435 0.020985344 
| 59° 5.05591716 | 3.234023669 = 511110 | a 
[60 Cones 33.8 4.333727811 | 3.085207101 | 511110 A438 | 0.020985344 
[64 | Comp-10 338 aut 3.547928994 511110 |—3 —| sogassaise 0.020985344 
P55 | —Comp-td—| 358 | $9YAB8207 —LAEROTESST SITIO | ——T3 | TOSRSEAETS | COROT 
con 

#302 








(u CC __ (Pars) _ 
ES ERNE sini 33 
ae 338 ae ee BEI81858 0.018 883819 
eee eee ST | a is 88381858 
ean 33.8 2.383136095 | 3.692011834 S111 | 83. 15.88381858 | 0.015883819 
at ~ Comp-10 — 33.8 2.817159763  3.59704142 | 511111 3.3 |: 15.88381858 | 0.015883819 


721 Comp-12 | 33.8 | 2.000295858 _3.21183432_SIIIi1 $33 15.88381858 | 0.015883819 
2961538462 | 3.562721893 | 511111 83.3 15.88381858 | 0.015883819 











66 





eee Kl UN OP 
Comp-16 2.144674556 | 3.424260355| SIilll | +833 15.88381858 | 0.015883819 
Comp-18 1.877810651 4123668630. 5i11i1 833 1588381858 | 0.015883819 








~ Comp-20 _ ~_[ 3.250295858 | 3.229585709 | Silill 3 | 15.88381858 | 0.015883819 
Comp-22 3.539349112 | 3.489053254 | Siilii . 15.88381858 | 0.015883819 
78 | - 














0 0126 
12; CiREGATS 0 D17875558 


_12.67559472 | 0.012675395 


2.61599472 | 0.012619595 
12.67559472 | 0.012675595 








crip-i4 
_Comp-16_ 2.61559472 | 0.012675595 
Comp-18 12.67559472 | 0.012675595 


[80] Comp-20 | 338 [2383727811 | 3.521301775 937 
f94] Comp-22 33.8 [ 3. j L | 13.67559472 0.012675595 
192] Comp-26 7.330710089 3 517751479 | 470542922. 
ro | 338 | 2383727811 Hefei huhie ie 0.0126 


| 95 |#304 Mobil 1 Motored 2500 rpm | 
Stroke/rev | Cal(mV/um)| Delta (um) | 
















































aH ferry 1.08343 ss | 3.327514793 | 470426 
Comp-3 : 

ay ees a 

11014! Comp-11 

1102) Comp-13 : 

1103} Comp-17 33.8 0.010511458 

1104) Comp-19 33.8 0.010511458 | 
0.010511458 ' 
0.010511458 
3 | 0.010511458 | 
0.010511458 






eee oe ae eee oe we a 


2 8 | 0722189349 “3 816863005 47 3 a 0.010511458 
146] Comp-31_ [33.8 | 1444378698 3.085207101 | 470426 01.3 Sua 1143773 | 0.010511458 
111 


'112/#352 Pennzoil 15W40 Motored 1500 rpm — 


te _ Stroke/rev [Cal(mV/m)| Delta(um) | hmin(um) | AP (Pa Oil Temp (C) — 7 
Comp-2 31.9 2 607194357" 5. 389968652 | Sitit 73 Hee ara 0016781371 









fash Comea | 319 [ts rasoar | ssavense+— Sin 
116] Comp-6 319 1377420467 TF eSeOIEEOD fifi 3 6. RES 129 | 0.016781371 
ait Com foe | 1.454231975 | 7 3.829467085 | Stil La 1678137129 0.016781371 

Comet io T.607210031 | 4019122257 SiiiiT 73 16.78137129 | O.O16781311 | 
us ~ Comp-12. 319 1913479624 ' 3.468025078  STiill 73 | 16.78137129 | 0.016781371 
1120) Comp-16 [| 31.9 | 2.448902821 | 3. | 








121] Comp-18_| 2 a 2.448902821_ Siti) | 73] 16.78137129 | 0.016781371 
1 22| Comp-22 j.454231975 | 3.184630498 S11il1 LS TBISTIID. 78137129 | 0.016781371 
123) | 

7 24|#352 Pennzoil 15W40 Motored 2000 rpm | 

ee Cal(mV/um)| Delta(um) = hmin(um) | — AP (Pa) Oil Temp sor gar | a (Pa-s) | 


eicop-2 F319 __—'| 1.913479624  3.627272727 | __ 470542 83.3 7.86001126 | 0.012860911 
teal ~ Comp-8 LEE) ~ 3.299059561 | 470542 83.3 12.86091126 | 0.012860911. 
470542 


| 2.762695925 83.3 12.86091126 | 0.0128609 
oes re Bou 28 0.012860911 


_2.9930721 






237248141 





[12,86091126 | 0.01286091 








1134] Comp-22 31.9 
ee 1224451411 _ 3346081505, 4705427833 
Comp-26 4 83.3 oRSOuIIzE SOTIEROSTI 
Comp-28 | 9 1147963382 | eee. 470842 | 
ed! —— 





AP (Pa) [Oi Temp CC) re 








745] Comp-12 0.765297806 | 3.090815047 470426 101.3 5 669457444 
7461 Comp-18 | 31.91 0.6887147343.47492163 470426 101.3 | 8.669457444 | 0.008600 SETI 


O7 











OS LE A A A TS  - e 
0.612225705 | 3.563636364 | F056 ora 3 CRETE 0008669457 
148] Comp-26 091849 8 2.904388 61 101.3 | 8.669457444 | 0.008669437 | 
149] Comp-32 | 31.9 __| 1.148036426_ 104 | 

1150) 


1 Pennzo 


eo 





154) 3840 9084032 

1155} Comp-6 | 31.9 3134708043 5 gaasaeaee 3 Silja 9 17 19084034 Boi SbR4 

rs me He Fo 3.930407524 | STIM10 | aera 0.01719084 

eet eet ate 319 | 1a3ser7 te + 3.930 4.328213166 311110 01719084 | 084 
| ~ 





790840 HTT Bases Reuneeen 


(CP) (Paes) 
7 0.012793943 





rc le 2B <a 
re] 1 


Sone 

| 12.79394332 | 
64 coe 31.9 12.79304332 | 0.012793943 
65 —— 31.9 12.79394332 | 0.012793943 


166) 19 75015674 12.19394332 | 0.012793043 
187} Comps ane at 3 2793043 
168] Comp-11_| 319 | 3.826645768 | 4.129780864.SITII | —~*83:3 
760] Comp-13 31.9 A745 12 53. 79394332 | 0.012793943 
170| Comp. is| —319— | 
71 i 319 3,90322884 Z9 76394984 STITT 83, 12.79394332 | 0.01279394 


73| Comp-21 | 31.9 | 3.826332288 4122257083 SITlll_ 83.3 12.79394332 | 0.012793943 
4 | 


1 aoe 
= Es 
Stroke/Rev | Cal aD, H min (ptm) (P i pt (CP) pt (Pass) 
$omon0o1 | 3 7ezsToaee | a0sd2 92 
Ia Cong: [313 | Sears oc aro 97 — [ronan rat 
“Conp-S en. a : | 
tat cee | et 
= 
ta — Comp-!1 31.9 
184) Comp-15 31.9 2.295924765 | 3574004671 = 
= ~Comp-17 2.142946708 | 3.95830721 10.071 14496 So aiba7il4s 


“Comp-19 {319 [19 | 4142633229 -470542—=~|~SC«O27 0.07114496 | 0.010071145 
Te Comp-21 31.9 | 2.984639498 _4.189655172 | | / igcnnaas 0.010071145 
188] _Comp-23 1751007179 4.387460815. 470542 93.7 | 10.07114496 | 0.010071145 | 


Comp-25_| 31.9 | 3520376176 | 3.159874008 4705842_—~«~~S«2.7 FOOTTTaATS 114456 SS SIOOTTaE 1145 
188) | 


18 1|#404 Pennzoil SAE30 Motored 2500 rpm _ = ! 
192) Stroke/Rev | Cal(mV/um)| Deitaqum) | Hmin(um)  AP(Pa) (Oil Temp (°C) (CP) 7 (Pass) — 
eee | ee Te seps05 3 Sap resea Taber [01.3 
<s Comp-4 | 01.3 82 74414 

ees | ior. D008 76068 

Compt -10 31.9 a. ; 8.2574414 4414 | 0.009760465 
reel-Gonpte-| 31510 1.07 1473354 | 4.668338558 470426 OEE CES 
198] Comp20 | 319 0.688714734 "4368338558 470426 101.3 

354 | 4. 5 


fae Comp-22_ ee mee $.3574414 TC DOSTEOAES 
S.2574414 0.009760465 


Comp-26 | 


Comp-30 3 OD18181818 “4366144201 42 
Comp-32 31.9 1300940439 | 3.911598746 470426 

































10071 i456 5 D007 as 
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a Ee ee ee 
es |) ee ee | 











0.00192 = 509.850852 


Hi 81. ~ 0.00192 2509.850852 








7 Comp-6 | 863.838 | 
| 8 | Comp-8 863.838 —31— 6.0019 
aa ee Se ee ae 
110] Comp-12 863.838 81 0.00193 
eee , 
ht ae A a 
#252 vi 








14 | 

| 15 | eos 857. om STS oto — BETTS Fane | ABA aes ae 8.473 a 13208 

ae) ete __Comp-6 857.349 ae 
SLE OEm ce 0.00192 1340.92236" S130 e8er 731 360.6564 | 

aay = 9S -10 223 7 | 1161.31282. 





a 2 WIA 3 OOORSTOOE 
186338. 2422 | 0.000713208 


~“Comp-i2_ 37 ae 

__Comp-14 857.349 80007.8306 | 0.0007908 17 
ret] Comp-is | #87340" 549157 | 1281 
[22] —Comp-18 | 857.349 | 8.718 0.00192 2277349157 | 1590.735739 | 278715.6182 | 0.000628642_ 
123] Comp-20 837. 349 i 0.00 


124] Comp-22 | 857.349 
25 | 





#253 Havoline SAE30 peorored 2000 rp 





3 TTS 53st 0000825672 
187638.166 | 0.000773405 








Saar 18 851 427 
Comp-20 851.427 


330 
| 34 
|35 | Comp-24 | 851.427 
36] Comp-28 | 851.427 





133018 9914 TOT ONSADE 
60402.57453 ee 
223850. 0.000502: 





36 JF 
36] § 
40 | 
41) 
DOO906 
43 | i ak? 90914.7824 | 0.000942968 | 
'44] Comp-10 | 846.009 — 9.3525 0.00192 , 1986.463255 12 1243. 608767 255979 .0238 | 0.0008041 11 
145 | Comp-i2 846.009 | 9.525 0.00192 | 1986.443255 | 93F.0544741 | 109150.6346 | 0.001%43782 
Comp-16 ooo 9.525 0.00192 | 1986.463255 | 1078.070162 eB ee 


9.525 [0.00192 | 1986.463255 | 1081 174011 | 168 00092492 
~Comp-20 _ 546-005 3 | 197 7) 5 BOOT 7876 









/49| Comp-22 | 846.009 9.525] 0 i986 463055 - | 1089.447065 171886 0241 | 0.000943889 
[50] Comp-26 846.009 9.525 0.00192 | 1986463255 | 1041.858593 | 1461858078 | 0.000059823 
| 51] Comp-30 9.525 | 0.00192 | 1986.463255 | 958.0546741 
[S| Comp-32 | 846,000 | 9.525 | 0.00192 | 1986463285 | 1124.627895 | 160587 0794 | 0.0008e0 183, 


= 9.525 a 1986.463255 '951.8469764 TE 08.270 
APB/6pU 7] SaETENt ee 

















=> Comp-4 863.838 2 oe 1921 
‘Comp-6 863.838 0.000824051 
_Comp-8 863.838 : O 0.00093207 

aH Comp-10 863.838 81 001 45.6120 07.273971 | 119602. z328 ee 





ea Bre: 863.838 381 0.00192 1 2045.612082 | 1233.759787 | 102978.0045 | 0.000810531 | 


__Comp-1: -14 __ 863. 838 — 3.81 | 0.00192 | 2045.612082 | 1304.077703 a 
er | | a 
| 65 |# — Saree 


Comp-4 857. 349 

Comp-8 857. 340 98546. 38624 0.000919441 

“Cong 75 “0. 295 
5.71) 0.00192 1801.74802 | 1080.110401 0.000958) 
5.75 0.00192 1801.74802 | 1184.273959 0.000844399 
















xl~ini~ 
| po] 41 0 








(SR ee ee ee ew eX 
5.715, 0.00192 | 1801.74802 | 1052. one 107362. aes 0.000949761 


Sih 0.00192 | 1801.74802 | 929.964 0.00107531 
ee 1080.1104 aT 379 


aA 0.00192 i 0.00092583 1 
158715 0.00192 ‘| 0.000877786 























| Stroke/rev | rho (kg/m3) | 






62 0.00192 








__Comp-2 
Comp-4 0.00192 
omp-6 0.0019 
684| Comp-8 62 00192 : 
7.62 3 0984 
_ Comp-12 : i : 50633 99982 0.00 5 558 
Comp-14_ | 851.427 | 
_ Comp-16 851.427 802d 05 | 9 7790462: 334603 3618 0.001 0663 36 
Comp-i8 | 851.497 








Comp-20 | __851.427 782 0.00192 558 92440: “1000. 09827 | 122409.4437 | 0.00099960 | 
721: 8 


Comp-22 | 851.427 99322.19884 | O O01 144627 









a 


Comp-26 | 851.427 -114821.2319 | 0.001033237 


Comp-28 Ee 7.62 0.00192 SESE TORTS Tae. 167162.6809 | 0.000972842 
| 


ob! irsiorer 38007 2500 rpm 
eee Sra 2 ara 
a Seok tie | os. 
& 147155. 5 102° 
5018364533 





@ St) eT) 
~“ oe} @] Nal aj a 



















_Comp-3 | 





199} Comp-5 | 846. ; 00 

100} Comp-7 | 846.000 _| : 479352218 

101) _Comp-!1 9385 00192 | 108454. 027 

03] Comp} 5019101849 
_Comp-17 


104] Comp-i9 846. 009 
105] Comp-21 | 846.009 — 
108) Comp-23 B00 
107] Comp-25 BEA6009 
108) Comp-2 B46.0090 
108) — D-29 


0.018 84952 | 
3] 0016747471 | 
0.015030507 | 
0. 019030507 















om | tho (kg/m3) B (m) 


Comp-2 863.838 5.115 0.00193 
Tiel eee 863.838 5715 0.00192 


= eae e 863.838 | 5 a __| 0.00192 
__Comp-8 a B38 : 715 | 0.00192 
omp-10 — F 600192 5 381412 991.333946 | 


I 
i Comp-12 _ Fe3 835 , 513 “1 6.00192 | :1705.381412 | 881.1137297 Jt 
















9.88894 a 000586379 | 


120) Comp-16 863.838 as 0.00192 1763 sata oe C5676 oes ts 000586379 
121) Ad 
122) 
123) 











11 24|#353, PENNZOIL 15W LEAD MOTORED ED0D RPM 
oe} ee U ays) | __b(m) APb/GnU (bh? 
a as 537-32 9 | 0.00192 808.2427255 | 77532.23912 OBOE CORSETS 
7] Compt | iro | 78 
_Comp- 0 8° 7340 oe 0.00192 2 336461419 829. #492142 140803. 6236 0.000650846 
129] _Comp-12 (3067 | 0000650846 
130| Comp-14_| 857.349_| 7.621 0.00192 0.000650846 
Comp-16 857.340 -t. oS 1536461419 8 72 81061 | 89 37. 13801 ee 
33 Cong: 162 0.0019 
Comp-20 857.349 2 | 0.00192 4319 | 87967 “16598 a 


: 57.348 _ 762 | 9.0019 3. 0. 
Comp-22 | 857.349 : 0.00192 1336 aE1aTS 357 654013 177648 .09 0965 . 0080846 


emcee 857.349 762 | 0.00192 1536461419 860.2583464 | 103215.2569 | 0.000650846 


1136] Comp-26 | 857.349 7.62 | __ 0.00192 1536 461419 B60.2583464 81746.69544 | 0.000650846 
er 857.349 7 0.00192 | 1536.461419 | 919.4761303 | 109470.9033 | 0.000650846 


fee 
Bape Srokches | tho Kein} 


1141{ Comp-2 — 846.009 | 
1142; Comp-4 846.009 - 
1143) Comp-8 846.009 


1144] Comp-10 846 me 


1145] Comp-12 : _ 1822. 108479961 
746| Comp-18 | 846.000 | 9.525 6.00192 | 1822.990442 965.6152498 | 85654.83386 5 ondsaaSa5 




























70 








| OEE ee Se eee eee 
a One 9.525 | §=©°§.00192 1822. alate ne eEOSHE 93554 83392 000548549 
9.525 0, 


TTTOBT 3715 | O.D00EREaT 
eee eae 


ad = a 
153|_Comp-2 | 863838 | 3.81 1000197 | 2407. 13645 416. 54856 | T0862 44 [ OOOMOOEET, 
35 —— 863.838 : 560, 














Comp-6 863.838 
is Comp-8 | __ 863.838 3.81 _ 0.00192 
‘Comp-i0 863.838 3.81 0.00192 


+5 Comp-12 863.838 381 | 0.00192 eee ae 39.900811 | 74831.78783 | 0.000400459 | 
381 | 


a — ia 
wma 


Teal st i i B APB/ 
63] Comp-1 | _ 857.349 S715 0.00192 [7256 889505 | 1337 A7SS@D | T1342 9278 | OOO04ATOA 












164 eae? 96828 60502 mre 4/ 
765] _Comp-5 118089.0809 | 0. 00047645 
166] Comp- ) 

Comp-9 __ 


857.349 5.715 | 0.00192 7336889593 1458638409 | 9190829 18 | 0.00044 7049 | 
5715 | 0.00192 _1336.308523 


786 “Comp-13_| 857.349 08523 ess 8363 | 0.00044 600447049 
170| Comp-15 857.349 0844 3.7963 | 0.00 oonda70% 
1170) Pp 


471) Comp-i7 | 857.349 as 0. 22368 393 Ey | SOEE BABS 0.0004 
Comp-i9 857.349 , 0.00192 | 2236.889593 | 1624.075049 | 172621 8882 ean rod 
Comp-21 857.349 5.715 0.00192 | 2236.889593 | 1302.522169 | 7355521471 


176] Stroke/Re mn p (b/hY2 6uU/Wh 
poet Comp L 7.62 | 0.00192 riser o70se 1214.030971 ees 
7.62 0.00192 | 1962.070256 | 1165957503 
ae B31.427 : 
851427 
Comp-9 851.427 0.00192 1251.8417 
a Comp-11 | 851 427 7.62 | 6.00192 | ~ 1251.8417 | 77611. 
peal Comps | Test4z7 | 762 Foose [962 070256 1244 688318 8893 1225 | 6.0005 09605 | 
1184} Comp-15 iS | 
























ie Comp-17 

“Comp-19 7 1 1563.0702 38.400813 | 72313-17211 | 0.000509666 | 
a ~Comp-21 . 162 me | 00192 | peal 115 605055 —-80268.4502 | 0.000509666 
Wee Comp-25— | 851.427, | 62 — 0.00192 | 1962.070256 | 1101.620696 0.000509666 | 
789] Comp-25 | 851.497 62, 0.00192 | 1962.070256 1099576872 | 81898.85306 | 0.000509666. 





08 SES 24 EER FS 

1181/4404 Pennzoil SAE Motored 2500 rpm <. is | i 

19 pane rho (kg gn) U (m/s) B(m) | Seis APb/6U (b/fh 2 6U/Wb 
00 a5 é 


1193] Comp-2 | 846.009 8064766327 | 0.000617581 


Tea) Compt —| 846000 —|—93 492B2.51916 | 0.00061 7581 
195; Comp-6 | 846.009 86926.93197 | 0.000617581 

























196] Comp-i0 2 [i 49160.04764 | 0.000617581 
197} Comp-12 | 2) 1619.219754 | 897.3176139 Sse7218 O.00ee lis 
0 Eee 9.525 0.00192 T619.219754 "7978030665 
Comp-22 346-005 | . SCHEODI3OT SOOETTSEI 
ae 5 
Comp-30 846.009 52 1619.219754 | 8152 ESTERS [00 ome Ter 
~ Comp-32 846.009 525 | 1619.219754 | 897.3176139 | 73990 37808 | OODOEI TSE | 


7 























| 3 #251 
cs : 
ae Comp? TOSI 2.08 120661 
(eea —aiGeowes 91004328782 2. 34453739 _ 
__Comp-12 0.00419057 2 | 0.0 : 
— ~ Comp-14 | 0.003478136 3639608682” 0.011294333 
0.001914556 | 2.073071646 | 
pe 











ae 
(16 | Comp-6 





0.003929206 0.001 8069 14 










[18 | Comp- iv 0,003860419 | 0.002695016 
119] Comp-1i2 0.005721461 

120} Comp-14 0.003095008 | 

121} Comp-16 


22 | Comp-18 | 0.001738661 | 191 90062 G.008171588 1899620704 0.990468 785 002262802 


~Comp-20_| 0.002149248 | 1.741387492 | 0019140366 
Comp-22 7 





i 103072446 
002264947 | 1.981112066 | 0.012137985 | 1.9438718 0.981200343 00085813 - 0.00222066 















36 |# | 
Grhoyho WFBWZOURPFoURGammaly—hoUe [PI |r 
pze]_C 752923931 






71,699596114 “0.000490958 7 2.319134614 | 
407501964 | 0.024097083 | 2.668792194 


i 
el 196202532 | 0.019703237 12 alee 




















3 Comp- 18 | 0001378812 


Comp-20 | 0.000678785 


re ~Comp-24 | 0.001041058 1492554751 0 0.000018415 722038853011 135 | 0.003643021 | 0.001574065 | 
[36 | Comp-28 COUN 1.300340651 | 0.017267994 2558569996 1 0.006468808 | 0.002795022 
en 






[42] Comp-6 | 0.00231594 | 1. 925470868 | 0012430756" 303509084 | 2.701990136 O.002319877 
143] Comp-8 | 0.001813565 | 1.792415552  0.010404974 | 4338797429 | 2.376010086 | 0.003977062 | 0.001716545 
144] Comp-10 | 0.001083938 | 1.548411507 | 0.007760258 | 3.725914298 | 2.406281717 | 0.004079048 | 0.001760563 
[a5 | Comp-i2 | 6.001333178 | 1.446454596 6.018199283 4.080230774  2.838847393 | 0.0056774N6 | 0.002450432 | 


46 | Comp-16 | 0.001901432 | 1.814141927 | 0.010835324 4.471609272 , 2.464861875 | 0.004280071 | 0.001847327 


Comp-18 | 0.001246761 | 1. oy D. 5 | OOTI919324 3.91236691 28 62784 | 0.004735414 | 0.003043857 
1.4149414 


cu Comp-20 | 0.000934263 0.00444113 [0.001916841 
Comp-22 | 0.00154028 "45683419987 970830567 0.006217583 | 0.002683578 
13118 | 0.002163718 


P50} —Come-28 | OoOTORDSOR | Tarerassae 0 : ‘GBT6ORIAT | 0.005013 118 
|51{ Comp-30 0.002222013 | 1.7149131 7 0.01918966 | 4 ‘990086755 2.915067036 | 0.005986361 EL 
| 52 | Comp-32 0.001088037 | 1.436012675 | 0.012370007 , 3.945269821 2.747378132 | 0.005317441 002295067 


= Comp-34 | 0.001192599 | 1.379591837 | 0.019608106 | 4.0388 an ae ae 2.92758538 | 0.006037887 TOOEOSOS 
301 


OBIL 1 ne 1000 rpm 
aH Eekeitev (d+ho)/ho \PBhA2/6uUb4 AUG aaah rhoUh/p eon 
aa 7.264053254_ o01513 066 | 1278293729 | W564603649 | THOEETIISG | 0:004930672 
34738 


| 58 | “aS SEU 34 2 TOME 05343458 | 0.01020458 50 667846 
[59) Comp-6 2.563351935 | Tene. 1300147456 a ameaes 
(60 { Comp-8 TOEIOSEOS 2.404679708 | 0.019201404 | 1.163543811 | 0.483866441 0006519924 | 0.003621307 
/61{ Comp-10 | 0.003414302 | 2.180787191 | 0.017103461 | 1.213470959 | 0.556437127 | 0.008622312 SOUBIESO1F 


62, Comp-12 Eonns7s 7.241042879 REDIREos Sed 1.268316579 | 0.565949269 | 0.008919624 | 0.0049541 52 
63) 0. i 5749 


004 | 0.009205624 SIS TIONS 
Comp-4 | 0.002738831 | 2.16516538 “on098sSTT8 71 1588 | eee OORTTISI 
Comp-6 | 6003074764 | 1972204161 0.018031986 3314626311 | 1.129919399 | 0.007994717 oO BTS, 


Comp-8 | _0.0020562 | 1.645484414 | 0.018283248 1874026897 | 1.1388907 [0008223752 | 0.0037 
Comp-10 Ue ee 1783188024 | 0017688913 1.978616106 | 1.10959477 | 0.007806i11. 












































































3003580777 


Comp-12 | 0.002259162 | 1.809598379 _0.014029742 , 1.792892685 | 0.990768286 | 0006223721 | 0.002862087 
ODODTECTOS 1.831257266 0.014359496 _2.01256053  1.099008079 | 0.001657865 | 0.003521603 
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a a ee ee SE a Se eee eee eee 
[74] Comp-16 | 0.002446234 | 1.80153793 | 0.01678193 | 1.902957769 | 1.056296255 | 0.007074201 CE YELTES 
44 


ODOT SOAEGs 455373708 0.031197103 | 1851302016 in 2045723 | 0.010259149 | 0.004717849 
2006412605 0.014185 32 | 1.99887 6843 | 


i : 002893811 
"2.014415331 | 0.014882362 | 2.168081375 ; 076283158 0007344446 0.003377472 


















Comp-20 | 0.002823889 


Comp-22 | 0.002915444 











18303 Mobil 1 Motored 2000 r ud 
[so] Strokefev |e |" @thojho WPBWZGiUEHoURGammal; —rhoUh/ 
010436 3.008497369 


oo Somp-2 | 0.002301601 1.32961 | RIeRNETOSE 0639 ae 
Comp-4__| 0.00193921_ 755442 | 0.007631355 oa0s78647 


__ Comp-6 0.002 173598 Bi. 0.008065706 
aq Comp-8 | 0 O01 138. I: 1.590489146 0.00547501 1 
k 008 AD 

































Comp-12 | 0  BOSOTIDSS 
Comp-14 | 0.002545074 
_Comp-16 | 0.001688312 


~Comp-18 | 0.002378401 











rez] ¢ 
[e3 | Comp-28 | 6.001882881 | 1.769826104 | 7804972908 | 1 584886166 | 0:008436504 | 0.023483 
aay ie es ae 


#304 Mobil 1 Motored 2500 rpm 


| a 
a] Stroke/rev mee (04 , 
1325597937 | 0 01346306 | 3.381495654 | 2.550921029 | 0 WOsOseITA 
_ Comp-3 i | : 0.005131993 0.00221 026 
ee 


3655 0.0 | a8 
a ~ Comp-5 "| 382852662 _0.014537558 3.59968593 | 2.603087103 | ieee 


'700| Comp-7 0,001626462 1434757973 | oa E2931 4020189849 | eas Bie [.0073075 | 0003133999 
55167 

























TOT 0.002354511 
ico 
103) 
104) 


_ ao 0,001531099 
18] ~Comp-23 | 0000830531 
Comp-25 0.000809397 


ae ee 
108} Comp-29 












troke/rev _ 


112 
1113) Stee ___ ofo _ 
114} comes 0.002050587 

















16 (oe 0.001267184 | 1.397756997 . 0.030887106 | 1.766126741 1. 

197], ~ Comp-8 : ~ 0.00133661 90747873 0.021127126 rsase70aI 1. 1. 19857 

_ Comp-10 | 0.001440152 | 1.399890864 | 0.62211849 TL ASS1BSTIO  1.182367OD8 | 0.009224307 | 0.004 241949 
On ea oe Lg SAeT POIGIOSS 116 1.5831600 us 0242292 | 0.006868087 | 0.0031 5841 


0.007352 SOOSSTT Os oer TenTT 6117 


sees 00262734 
01842477 









24 
128| Stokerrey | ofe__|_Grho)fho “WPBWZ/GAUPAHRoURGarimaly rho 


rho 
1.84255 





















T3T eon 6 10001425252 ; 7 199758 
1132] Comp-18 {| 0.000932527 -0.00689002 

'133| Comp-20 | 0.001541849 0: v1 07575529 | 0. 003 272357 
1134! Comp-22 | 0.001365412 | | 1.351033783 





135] _Comp-24 | 0.001139025 365535015 0.014885901 | 2321708633 1.6997 20024 

136| Comp-26 | 0.001352774 | 1.386776722 _ 0.018795395 | 2.648¢ 909915867 | 0.007500144 5005 412579 

737] Comp-28 | 0.000999097 | 1.330565084 0.014035341__2.347186917 _ 1.764052691 | 0.00673953 | 0.002911236 

SE a ee ee eee ee Ee 

13 9|#354 Pennzoil 15W40 Motored 2500 rpm _ ee ESSE eae 

140] Stroke/rev [o/b | (0t+ho)/ho_SPBhA2/61Ub*thoUhGammaj, —rhoUh/jp [| PIT P2 
76946966 


~ Comp-2 _| 0.001189566 | 1.395962414 0.016453316 _3.761695241 5 | 0.00557419 | 0.002405883 
Comp-4 _| 0.001113494 0.00666029 | 0.002874655 


-1.394945098 | 0.014490614 44. 108872613 | 2.945544321 
Comp-8 0.000720826 


0720826 | 1-209129057 | 0.02165791 | 4113971735 3.402425664 | 0008886675 | 0.003835588 
1144] Comp-10 | 0.000619035  3.857558737 | 3.288496707 | 0.008301505 | 0.003583022 






























1.173046252  0.0233287 
7145] Comp-12 | 0.000751766 | 1.247603882 | 0.016804859 _3.584245791 | 2.872903684 | 0.006335839 | 0.002734619 
746] Comp-18 | 0.000677202 | _1.19819576 0.021282084 3.870088008 _3.229929647 | 0.008008443 | 0.003456534 
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ee ee en 
eee CETTE 1.17179803 | 0.019485796  3.881451766 | BUA 008422574 Sones TT 
1316243929 "0.01 6411307" 3.333339679 | 7,6996209 500 59458 1 414684 


rae ~Comp-32_ TOOT I 0.006202883 70056? 234 


















33 \ oUh re) [apie 

153] Comp-2 {| 0.001 ot a 0.0! ake OTE 
154 ; : 40684 

155) % 5 O67 26288 
156} Comp-8 


0.007174487 
0 007174487 


| 0.015664271 | 0.008 700275 | 00) 


0.0138 OOTSESERIC 0 SOOT TTT 


9 
0.012917191 





~Comp-i0 |. 
158] _Comp-12 | 0.001875053 


sn _Comp-14 | 0.001829015 


-Stroke/Rev | 


ie a/b 
163] Comp-1 | 0003733389 
os _Comp-3 0.002 884232 















Comp-5 _| 0.002847561. 
Comp-7 0.003440511 | 2. 2. ps 
Te —Conp? formats [15 7,089040497 0.01 7239756 2.86738 3867 
168] Comp-11 | 0.0030564726 | pes 597844 | 0.024338278 iN 381% 99191 | 0.012774629 | 
as “Comp: 13 | 0.004137002 | 2. 








~Comp-15— 5005683155 | 


0. ae 102 0 0036463 36 
0.0099 12958 | 0.004558647 
Comp-17 | 0.003217831 


4778 634 9882 
“Comp-19 | 0.002360767 | 1980846492 0.01205832 2.545277398 | 1 1384944298 0.008431872 | 0.003877544 
0.00342248 | 1.928212928 0.030411027 | 3.044104226  1.57871788 | 0.012728126 | 0.005853252 
| | | 


174 




















175) 

Stroke/Rev | = a/b 
Comp-! _ | 0.002770125 
1178} Comp-3 | 0.003157915 7006731027 rOmTe>eyaa 1 4429863017 | “7.112 47396 0.0076 75899 0003315713 | 


178} Comp-5 0.002258322 
Ta] Comp 7 “Sam 
181} Comp-9 | 0. 0.021674324 | ¢ [7438 rere 623860 8 
14182} Comp-l1 are dy ra. 607574516 | 2.832680914 0.013798421 0.005960494 
a9] Cong. [ Oana 1 Sopsiss abn EST est rTE [UOT oOOE UMTS 

Stomp: 5 "5 5003 1298 


3 0.00911 7208 | 0.00 
~ Comp-17 | 0.002012157 | 1.541379583 01037104087 3,930453314 5 ga5058074 0504830005 

188] —Comp-T9 Sc et ane | 4.837993631 | 2.66870166 0.012247125 | 0. 
Comp-21 | 0.002514439 | 1.71238309 | 0.024443854 | 4.621710658 _2.6989934 | 0.01252673 0.00541 1099 
1.399114033 | 0.03250151 | 3.954484755 | 2.826420623 
189, Comp-25 | 0.003271725 | 1936301484 | 0.023957237 | 468996803 | 2.422126961 | 0.01008853 | 0.004357884 

| | 

181, #404 Pennzoil SAE30 Motored 2500 rpm | 
























192 eieiRev ~ Ofb Lar Sie WBh‘2/6Up b\thoUhGamma/p rhoUh/p | mat =e z 
194 Een 0,00063476 7107 71684 0.006073496 
195] Comp-6 

196] Comp-10 _ 0.032937717 | 4.370097088 


97] Comp-12— 0.031 170748 Die 3 







7 on oaTaa4 
0.001 188367 | 1.274595081 | 0.030326434 | 4399239229 _3.451471907 0.010303544 “0.004443672 
Comp-30 | 0.000949516 | 1.210295807 | 0033010264 | 4.362737211 , 3.60468671 | 0.011229893 | 0004846047 


Comp-32 | 0.001222688 | 1.33258535 | 0.021884223 | 4.303470033 | 3.229414185 | 0.009013388 | 0.003890279 
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PIO] Comp-12 | 0.083009 | 2.331713483 | 1.991377148 | 76.55910648 | 
Bi 


@ aa Ssoteaiie Sits” SE STE gSITTSSEaE 88.5399754 


[14] S 

1.15 | Comp-2_ | __ 0.065923 
comps} “vostaT raanToseas TT 

117 | Comp-8 0.031734 | 0.891404404 1 

118} Comp-10 0.036624 

Het eed Seer aagonea27 11 | 

[20 | Comp-14_| 0.043943 | 1234353933 | 1.61272780 

gs Bcone-16— 

Comp-18 

Comp-20 | 

Somes 




















_Comp-6 _ 


Com D-8 


30] Comp-12 | 0.03906 | 1007191011 | 1.383542812 | 41.49879824 
~ Comp-14 ama 0068595506 | 0975467149 | 50.75308266 


Comp-16 | 0.009766 | 0.274325843 | 1.085614097 | 45.86463865 
Comp-18 — a arTaee 0.47994382 | 1.199058648 | 7600507359 











a Comp-20 | 0.00403 | 6.113202247 _1.031832543 | 29.92037841 
— Comp-24 | 0.024413 | 0.685758427 | 1.307829069 110.8842354 


0.00732 0. SELLA) 1.069265708 | 57.91060515 











mae _Delta2 (pr 
40]  Comp-2 | 0.01709 | 0.48005618 SHEPEIESCaNIPRVELEC 


sy _ Comp-4 — 0.01221 0.342977528 | ; 115069268 7863165412 
Comp-6 | 0.021969 


0. 617106742 | i 33139334830, 38071174 
Comp-8 0.024417 : : : 
ot ae -10 | 0.031743 





















Somp-16 “aq 
Comp-18 





0.548651 685 | 
0.617106742 | 











-1.214335879 





1 371629213 | 


51] Comp-30 | 0.03418 


| 52] Comp-32 0.046384 
|53| Comp-34 0.03418 














301 MOBIL 1 MOTORED 1000 RPM 
Stroke/rev 
SH gems . 
Comp-4 -1.261919362 | 31.90136028 
aS ~ Comp-6 | 0.04882 | 1.444378¢ 1.446619705 | 60.63701024 
















| 61 | Comp-10 1366410041 58. 46769949 
162} Comp-12 AeA 1.400344347 | §0.34092502 


(63 | Comp-14 0.05859 Lares 1472843193 | 54.49544986 
tH 


#302 Mobil 1 Motored 1500 Lge 
_Stroke/rev | Delta2(Volts) | Delta2(um) 


































Gamma2 L/OLY# _ 





~ Comp-2 0.03906 | 1.155621302 | 1.293155209 | 29.64195564 
—Comp-4 | 0.0708 2.094674556 | 1.66254913 | 100.4508408 
= Comp-6 | 0.07079 | 2.094378698 | 1.575341352 | 55.48777999 
me ec SN) 0.05 37,5} 1.58875 75GB 294 | SL OAEI ONS. 
| 71] Comp-10 | 2.600295858 —1.722898503 | 56.5325851 





Eze eiGomp-12 1.661242604 ~ 1.517225497 | 71.27714982 


0.04883 | 1444674556 1.403497426 | 69.64032853 
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Fr eee atte tree artes tio 
| 74 { Comp-16 — {> 
5] _Comp-t6 
eeere |e te 
cal Cenipo2~ ee 
_) 















0.04395 1.43510543 81722099 

0.04305 | 1300295858 | +i 35aaa3aea 677 73008387 
eee | 0088s 1444674556 1383040477 | 64.3961 7108 
|84; ¢ ME | 1589053254 | 1511377702 | 113.309929 
a5, 0.794378698  1.208204094 | 51.20776454 
(86 | Comp-i2 0.03174 1 0939053254 1.353868060 | 581388036 
[87 } Comp-i4 7339053254 1620582206 001599164 
"88 | Comp-i6 | 0.08789 | 2.600295858 | 1.828603752 | 


[39 | Comp-18 0.051271 1 316863905 1.484 


190} Comp-20 | 0.03906 | 1.155621302 | 1.328 
1.380762565 | 63.71200457 


| 94} Comp-22 0.04394 1.380762565 | 63.71200457 
92] ood Bas 1.454415475 | 73.65413713 
P93] Comp-28 | 0.04883 | 1.444674556 146655838  107.2395035 
EX 


Delta2(jtm) Gamma2 | 1/OLY# 
| 97 {| Comp ! 0.04639 Sapa 1.412465546 | 74.27731946 
1.372189349 | 1.447986091 | 97.87309981 
35 ay 0.722189349 | 1.212686242 | 68.7873457 
Comp-7 0.03418 
fa 














1.484914405 | 87. TOIEGODD 
1.328180138 78.5217316 

















Stroke/rev | Delta2( Volts) 













1.011242604 | 1.276671523 | 4752191921 


Seeomipll | 0.04639 ae LEA 
Comp-i3 0.01953 | 0.577810651 | 1.165466407 | 62.09606254 


102 
103] Comp-17 0.03418 | 1.011242604  1.319409401 91.29027615 
104) Comp-19 0.0293 | 0.866863905 | 1.257741027 | 87.65632044 


105] Comp-31 | 0.03174 | 6.939053254" 


1.302199372 | 81.08728952 
108} Comp-23 [| 0.02441 0.722189349 | 1.214990312 | 87.2978332) 
11071 Comp-25 0.02686 1.213411727 | 55.02037234 


0.794674556 | 
08| Comp-27 | 0.03906 | 1.155621302 | 1.344900662 _ 67.95517864 


_Comp-29 | 0.03662 _ | 1.083431953 | 1.283853965 | 48.05825631 
Comp-3i 0.04882 | 1.444378698 | 1.468162639 | 83.01775581 

Fralas2 PENNZOIL 15W-40 MOTORED 1500RPM 

13| Stroke/rev | Delta2(Volts)| Delta2(um) | __Gamma? I/OLY# 


a —_Comp-2 0.03418 | 1.071473354  1.316071759 , 82.1694452 
Comp-4 mmoOSiis 0.994984326 Leet 06 5348879926 
; | 1.989968652 | , 











































198996865: 1. 92.31596893 
1.22476489 1.31 eee 4733251526 
















1.617915574 | 47.97747198 


1.165634806 | 59.155 


_ Comp-12 0.06836 : 
59. 15544913 


[om 0.01953 


0.01221 
~ 0.05371 
— 


2.142946708 
0.612225705 




















0.535736677 
| $.377742947 









1147696828 | 50.46155938 
1.417616876 | ti saaib ath 


H 







Comp-14 


1131) Comp-16 
1132] Comp-18 — 


133 Comp-22 | 
Comp-24 
Comp-26 | 0.02197 


os 37|— Some — 2a 










1300040430 1 374616357 ) 71 AG 

















Comp-2 0.535705329 
1142] Comp-4 | 0.01953 | 0.612228708  1.193194183 | 69.0101 8604 
¥43|~ Comp-8 | 0.02686 | 084200627 1.230024835 | 46.17250612 | 
144] Comp-10 | 0.01953 | 0.612225705 | 1.173046252 | 42.86565515 
145| Comp-i2 0.043943 | 1.377523511 | 1.445682932 | 59.50659887 


146] Comp-18 | 0.04151 | 1.301253018 1.374470005 _46.98589301 
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ae | 
147) Comp-20 | 0.03174 | 0.994984326 | 1.279204785 | 51.31943194 
746] Comp-26 0.03662 | 1.147962382 | 1.395250944 | 60.93360063 
746] Comp-32 | 0.034183 | 1 paca 330390028 | 9091149588 


ie oS ee Delta2(Volts) SUE Gamma2 


cones 0.06338 USG68 22 GMS 670498 OU 


iss Comp 


ts Como 
Comp-12 


re __Comp-14 


i ennzo 
162] Stroke/Rev Dela Vois} 


Comp-!| | oe I = I 
_ Comp-3 — 


ee ~ Comp 5 


166] Comp-7 | 0.08127 | 1.607210031 | 1.494550014 5020022031 
Comp-9 0.02442 

~Comp-ii | 0.02197 0.688714734 | 1.166767876 | 4108754158 
169] Comp-13 0.0708 2.219435737 | 1.682146642 | 55.5587 
170 


Berens he 1913166144 | 1.525894011 | 48.47972678 


Tee ene 2.143040752_ 1.720012217 | 74.24990881 
72] Comp-i5 0.08395 1377742047 _1.410632533 | 77.17049993 
Comp-21 0.02441 | 0.765203762  1.185627376 | 32.88280965 


117 5|#403 Pennzoil SAE30 Motored 2000 rpm tw 

0 ee) Delta2ium) Gamma: W/OLY# 
Comp-! 0.05615 | 1.760188088 | 1.464126302 | 50.01180544 
Comp-3 | 0.03906 | 1.224451411 | 1.373351176  61.47305956 
_ Comp-5 0.03906 | 1.224451411 * 1.293529721 | 41.19797563 


ow ~ 0.03417 | 1.071159875 | 1.290141802 | 52.15515701 





ei : 0.84169279 | 1.191416554 | 39.55572924 
Comp-13 03 1.224451411 | 1.29979277 | 45.32514692 
_Comp-!5 : 

eel 18 ae 1270680792 3 36. 6 80484301 


peemeeerc 19 | 008638 453918495 | 1.350964813 | 36.85554679 


87] —Comp31 0.02685 GEATOTTS | 1200897868 | 4091007953 
Comp-23 | 0.07295 | 2.286833856 1521220349 | 30.76780158 


0.994984326 | 1.264632316 





Delta2(um) Gamma2___—s L/OLY# 
0.535736677 4 136327377 | 49.80649664 
172214 





ecmp-12 
~ Comp-20 — 

TT 34.88 100541 
| 1 eevee 32.97453286 


1201] Comp-30 ©.02107 | 0688714734 | 1.157730805 | 30.20360872 
1202} Comp-32 {| 0.05615 T TEDIREOEE (1 Aa 158 45 69501938 
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